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Abstract

This study investigates the direct and indirect effects of inquiry-based learning environment, metacognitive awareness,
and critical thinking on the scientific attitudes of first-year college students enrolled in three colleges of Davao de Oro.
Using a descriptive correlational design with path analysis, the study examined the interconnectedness of these
variables. The results indicate that an inquiry-based learning environment, metacognitive awareness, and critical
thinking significantly predict students’ scientific attitudes. Notably, the best-fit model shows that metacognitive
awareness exerts a substantial influence on inquiry-based learning environment, metacognitive awareness, and critical
thinking, emphasizing its foundational role in shaping these factors. While metacognitive awareness and an inquiry-
based learning environment have a modest effect on scientific attitudes, critical thinking has a comparatively greater
impact. Overall, the model effectively captures the relationships among these variables, reflecting a coherent, well-
fitting structure. These findings imply that cultivating metacognitive awareness, promoting an inquiry-based learning
environment, and strengthening critical thinking can synergistically enhance students’ scientific attitudes, ultimately
supporting deeper engagement and more effective science learning.

Keywords: inquiry-based learning environment, metacognitive awareness, critical thinking, scientific attitudes, path
analysis, science education

Introduction

Scientific attitudes are important qualities that students must acquire to develop their 21st-century skills (Kusuma et al., 2021).
Developing scientific attitudes is crucial in maintaining students’ consistent focus and interest in learning science (Shanderi & Suwardi,
2023). The main goal of science education is to foster students’ positive attitudes and increase their interest in learning science (Mao
et al., 2021). However, students' diminishing ability to solve problems using scientific processes, lack of skills in evaluating scientific
information logically, and low willingness to learn scientific concepts, leading to a poor scientific attitude, have had a significant impact
on the educational paradigm and even on the broader community (Fathayati et al., 2021). Hence, this study investigates the
interrelationships among the inquiry-based learning environment, metacognitive awareness, and critical thinking in shaping students'
scientific attitudes in science education.

Moreover, problems with scientific attitudes have emerged globally. According to the joint report of the International Association for
the Evaluation of Educational Achievement and the United Nations Educational, Scientific and Cultural Organization (2020), only
38% of secondary level students around the world demonstrated high level of proficiency in learning science; however, their scientific
attitudes have not progressed over the years, resulting to their declining skills in scientific investigation as well as their confidence in
scientific methods to solve problems. In addition to that, the World Bank (2022) strongly emphasizes that 57% of the students in the
low and middle-income countries have not fully developed their scientific attitudes, hindering further improvement on their ability to
think critically and rationally and to apply their scientific reasoning skills in real-world contexts, ultimately impacting the quality of
science education worldwide.

In support of that, many global educational institutions have also experienced the same issues. For instance, in the Moroccan school
context, Boukayoua et al. (2021) found that 70% of students lacked critical thinking, making it difficult for them to understand scientific
concepts. Moreover, in one university in Indonesia, about 60% of students showed a lack of confidence in the scientific method and
poor observational skills, leading to low engagement with scientific materials and affecting their academic performance in science
(Mihardi et al., 2020). Furthermore, in China, many students have developed poor scientific attitudes, such as disinterest and low
confidence in learning science, creating barriers to their learning (Mao et al., 2021). At one university in Oklahoma, about 60% of
college students report decreased curiosity about scientific information and processes in learning science, which affects their motivation
to explore scientific concepts (Reed et al., 2022).

Meanwhile, in the Philippines, Capiral (2022) indicated that only 40% of junior high school students showed confidence in using
scientific processes to solve problems and to logically evaluate scientific information, leaving many students struggling to understand
scientific concepts. Similarly, Babaylo (2023) found that 40% of students at a public school in Cadiz City demonstrated a lack of
willingness to use scientific methods to solve problems and evaluate scientific knowledge, leading to poor academic performance and
engagement.

Furthermore, Lantajo (2022) found that students at one university in Leyte often lack curiosity and critical thinking when analyzing
scientific information to draw rational conclusions, resulting in lower academic performance and declining participation in science-
related activities. Another study conducted at a university in Quezon City found that only 36% of students generally lacked confidence
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and curiosity about learning science, leading to poor engagement and lower academic outcomes (Adarlo et al., 2022). Based on the
data, many Filipino learners across different levels have experienced difficulties in developing their scientific attitudes, including a
lack of critical thinking when evaluating scientific information and a lack of willingness and confidence to use scientific methods to
solve problems. Consequently, these problems in their scientific attitudes can hinder the development of their scientific skills and
compromise the quality of science education, particularly at the national level.

Locally, in Davao De Oro, a study by Naquila and Israel (2022) found that 53.5% of students lack confidence in scientific methods,
hindering their development of scientific attitudes. Moreover, Rebucas and Dales (2022) reported that grade 9 learners enrolled in a
particular public school in Davao De Oro lacked critical thinking and observational skills in learning scientific concepts and methods,
resulting in poor engagement and academic performance in science. The problems concerning students’ underdeveloped scientific
attitudes towards learning science extend beyond secondary education. In the three identified colleges in Davao de Oro, similar
challenges have been observed, with students’ lack of scientific attitudes leading to declining interest and motivation in learning
science. Hence, this issue is pervasive and persists across different educational levels.

Although many studies have investigated students’ scientific attitudes (Boukayoua et al., 2020; Mihardi et al., 2020), these works were
conducted in an international setting. Moreover, studies were conducted in national contexts (Naquila & Israel, 2022; Rebucas, 2022),
but these involve different variables. Furthermore, the researcher had not yet encountered studies that explore the collective impact of
an inquiry-based learning environment, metacognitive awareness, and critical thinking on students’ scientific attitudes in learning
science. Additionally, this study aims to establish such a connection with first-year college students enrolled in three colleges in Davao
de Oro.

In light of the above studies, poor scientific attitudes towards learning science remain a widespread issue across international, national,
and local contexts, and persist across different stages and learning areas of education. Likewise, this alarming problem can significantly
impede students’ ability to develop scientific attitudes and skills, which are crucial not only for academic success but also for future
endeavors. Without an immediate resolution to this problem, it may develop into a broader educational issue and weaken scientific
literacy in the country in the near future.

Hence, this study aims to explore the direct and indirect influences of inquiry-based learning environments, metacognitive awareness,
and critical thinking on students' scientific attitudes towards learning science. In the same manner, this study can also provide support
for enhancing educational practices and support mechanisms for science education at the higher education level in both local and
national contexts.

Additionally, the outcomes of this study enable teachers to refine their teaching methodologies, fostering students’ scientific attitudes
and leading to improved learning outcomes in science. Nevertheless, students also benefit from this study's outcomes, as it will help
them recognize the importance of developing scientific attitudes to succeed in learning science.

Research Questions

The purpose of this study was to examine, through path analysis, the direct and indirect relationships among inquiry-based learning
environments, metacognitive awareness, and critical thinking, and how these interconnected variables influence the scientific attitudes
of first-year college students in science education across the three colleges of Davao de Oro. In particular, the study aimed to address
the following questions:

1.  What is the extent of scientific attitudes of students in terms of:
1.1. rationality;
1.2. open-mindedness;
1.3. confidence in scientific method;
1.4. curiosity; and
1.5. aversion to superstition?
2. What is the extent of inquiry-based learning environment in terms of:
2.1. student participation;
2.2. paying attention to ideas;
2.3. collaboration;
2.4. learning;
2.5. asking questions;
2.6. observation; and
2.7. focusing on problems?
3.  What is the extent of metacognitive awareness of students in terms of:
3.1. declarative knowledge;
3.2. procedural knowledge;
3.3. conditional knowledge;
3.4. planning;
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3.5. monitoring; and

3.6. evaluation?
4. What is the extent of critical thinking of students in terms of:

4.1. remembering;

4.2. understanding;

4.3. analyzing;

4.4. applying;

4.5. evaluating; and

4.6. creating?
5. s there a significant relationship between:

5.1. inquiry-based learning environment and scientific attitudes of students;

5.2. metacognitive awareness and scientific attitudes of students;

5.3. critical thinking and scientific attitude of students;

5.4. inquiry-based learning environment and critical thinking of students;

5.5. metacognitive awareness and critical thinking of students; and

5.6. inquiry-based learning environment and metacognitive awareness of students?
6. Do inquiry-based learning environment, metacognitive awareness and critical thinking predict scientific attitude of students?
7. Do the hypothesized models fit the data?

Methodology

Research Design

This study employed a quantitative research design, incorporating both descriptive and correlational approaches alongside path
analysis. Quantitative research design typically involves the use of surveys to gather data, which are then analyzed to generate
generalizable findings (Chali et al., 2022). Similarly, this design is suitable for examining the relationships among variables within a
study (Van Deursen, 2020).

Additionally, a descriptive research approach was also employed. This approach is beneficial when the researcher intends to describe
a situation or phenomenon without manipulating the variables (Aggarwal & Ranganathan, 2019). Beyond identifying patterns or
characteristics within the data, this approach provides valuable insights that can inform understanding and further research (Siedlecki,
2020). The descriptive approach is well-suited for this study, as it allows the researcher to systematically document and summarize the
levels and distribution of inquiry-based learning, metacognitive awareness, critical thinking, and scientific attitudes among first-year
college students from the three institutions in Davao de Oro.

Moreover, the researcher used a correlational approach to investigate the relationships among the study’s variables systematically. This
approach is particularly appropriate for examining the strength and direction of associations between variables (Lawrence, 2023). This
study enabled a rigorous assessment of the extent to which inquiry-based learning, metacognitive awareness, critical thinking, and
scientific attitudes are related among first-year college students.

Respondents

The respondents of this study are the first-year college students enrolled in the three higher education institutions in Davao de Oro
during the 20242025 academic year. To ensure an adequate, statistically representative sample, the researcher used the Raosoft sample
size calculator. From a total population of 1,429 first-year students across the three institutions, a sample of 539 respondents was
determined at a 95% confidence level, ensuring sufficient precision for the study’s quantitative analyses.

The respondents from the three institutions in Davao de Oro were proportionately distributed: 280 from School A, 161 from School B,
and 98 from School C. Stratified random sampling was employed to ensure that specific subgroups within the population were
adequately represented. This technique involves dividing the population into distinct strata based on shared characteristics and then
randomly selecting participants from each stratum (Hankin & Newman, 2019). The researcher employed this sampling method to
enhance the representativeness of the sample, ensure that each respondent had an equal probability of selection, and reinforce the
overall validity of the study.

Instrument

The researcher employed survey questionnaires adapted from published journals for data collection. Prior to administration, the
instruments were pilot-tested with 30 students who were not part of the study sample to ensure content validity. Additionally, the
reliability of the instruments was assessed using Cronbach’s alpha to determine the internal consistency of the items in each
questionnaire.

Inquiry-Based Learning Environment Scale. This instrument was utilized to evaluate the extent of the inquiry-based learning
environment. The researcher employed a survey questionnaire adapted from Siaroglan (2021). The instrument consists of 31 items,
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divided into seven indicators: student participation, which includes seven items; attention to ideas, consisting of six items; collaboration,
comprising seven items; learning, with five items; asking questions, containing two items; observations, including two items; and
problem-focused engagement, with two items. Prior to implementation, the questionnaire underwent a pilot test, yielding a Cronbach’s
alpha of 0.995, indicating excellent internal consistency.

Metacognitive Awareness Instrument. This survey questionnaire was designed to measure students’ metacognitive awareness and was
adapted from the work of Tak et al. (2022). It consists of 30 items organized into five indicators: declarative knowledge (5 items),
procedural knowledge (4 items), conditional knowledge (5 items), planning (5 items), and monitoring (6 items). The pilot test of the
questionnaire yielded a Cronbach’s alpha of 0.987, indicating excellent internal consistency.

Critical Thinking Questionnaire. This instrument was employed to assess students’ critical thinking and was adapted from the work of
Kobylarek et al. (2022). The questionnaire consists of 25 items organized into six indicators: evaluating (4 items), creating (6 items),
applying (4 items), remembering (3 items), analyzing (4 items), and understanding (4 items).

Scientific Attitude Scale. This instrument was employed to measure the extent of students’ scientific attitude. The survey questionnaire
was adapted from Khan and Siddiqui (2020). It comprised 38 items organized into five indicators: rationality (7 items), open-
mindedness (10 items), confidence in the scientific method (9 items), curiosity (6 items), and aversion to superstition (6 items). The
pilot testing of the instrument yielded a Cronbach’s alpha of 0.988, indicating excellent internal consistency.

Procedure

The procedures outlined below represent the systematic steps the researcher followed to ensure the proper conduct of the study and the
successful collection of data. The researcher first secured permission to conduct the study, followed by the random selection of
respondents. This was followed by general orientation and obtaining informed consent and a data privacy notice, the administration of
survey questionnaires, and, finally, the checking, collation, and processing of data.

Seeking permission to conduct the study. A primary step in the study involved seeking permission from the appropriate authorities.
The researcher submitted a letter to the Research Ethics Committee for review and approval. Once the study received committee
approval, the researcher obtained a letter of endorsement from the dean. After obtaining the signed approval, the researcher submitted
formal letters to the college presidents of the three institutions where the study was conducted.

Random selection of respondents. Following the approval of all necessary letters, respondents were randomly selected. Assistance from
enumerators, who were staff members of the three campuses, was sought to identify potential respondents. Enumerators provided only
respondents' names and contact information. Using the master list, the researcher employed the RAND function in Microsoft Excel to
assign random numbers to each name, then used the sort and filter tools to select the final sample.

The researcher then sent formal invitations to the selected respondents via email or messenger, requesting their consent to participate
in the study. Upon receiving approval, the researcher scheduled an orientation at a time and location convenient for the respondents,
during which the study’s objectives and methodology were explained. Respondents were informed about confidentiality measures and
were asked to sign a confidentiality agreement prior to participation.

General orientation and seeking of informed consent. Before administering the survey questionnaires, the researcher conducted an
orientation and obtained informed consent and a data privacy notice from respondents. During orientation, the study's purpose,
confidentiality measures, and the voluntary nature of participation were clearly communicated.

Respondents were provided with a data privacy notice detailing the collection, storage, and use of their personal data, the legal basis
for processing, their rights under the Data Privacy Act of 2012, and the researcher’s and regulatory bodies’ contact information.
Respondents were given ample time to ask questions before signing the forms.

To document the process and ensure ethical compliance, the orientation was recorded with photographs and audio. Respondents were
allowed to maintain anonymity by using face masks, caps, or other means, and were encouraged to wear comfortable clothing.
Orientation locations were chosen to minimize noise and distractions, and respondents were allowed to select a convenient and private
setting.

Administration and Retrieval of Questionnaire. After validation and approval of the survey instruments and securing all necessary
letters, the questionnaires were distributed to the selected respondents with the assistance of enumerators. Health protocols were
observed throughout the process, and respondents were allowed to choose a comfortable location to complete the survey.

Enumerators were informed of the study’s purpose, procedures, and guidelines before administering the questionnaires. Respondents
were given 10 to 20 minutes to complete the surveys, and data collection lasted 1 week to ensure adequate participation.

Supplementary sessions were offered to those unable to attend the orientation. Completed questionnaires were securely collected in
sealed envelopes by the enumerators and subsequently retrieved by the researcher. Enumerators and respondents received tokens of
appreciation for their assistance and participation, and all procedures adhered to the Data Privacy Act of 2012.

Data Checking, Collating, and Processing. The researcher ensured that all collected questionnaires were securely stored and accounted
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for. Data were checked for completeness and accuracy, and any inconsistencies or missing information were addressed. Verified
responses were organized into a structured format for ease of analysis, and tabulated data were entered into a spreadsheet while
maintaining confidentiality.

The tabulated data were then analyzed using appropriate statistical tools to identify patterns, trends, and insights. The findings were
interpreted in relation to the study objectives, and their implications were discussed in connection with existing knowledge and potential
future research or practice.

Collected data were disclosed to the Research Ethics Committee for verification, with respondents informed in advance of this process.
Respondents were also provided with contact information for the regulatory bodies to address any questions or concerns about their
personal information. All data were securely stored for a maximum of three years and permanently deleted afterward to prevent
unauthorized disclosure, in compliance with the Data Privacy Act of 2012.

Data Analysis

The researcher used the data processing tools listed below to thoroughly analyze the collected data. Specifically, the researcher used
the mean, standard deviation, Pearson's r correlation, multiple linear regression, and path analysis.

Mean. This statistical tool was used to determine the average level of the collected data. This measure allowed the researcher to assess
the general levels of the inquiry-based learning environment, metacognitive awareness, critical thinking, and scientific attitudes across
their respective indicators. By analyzing the overall means, the researcher gained a clearer understanding of the data's overall trends,
while appropriate inferential statistical analyses were employed to examine relationships among the variables.

Standard Deviation. This statistical tool was used to measure the extent of dispersion of students’ responses from the central value. It
provided a clearer picture of how consistently or variably students perceived the inquiry-based learning environment, as well as their
metacognitive awareness, critical thinking, and scientific attitudes.

Pearson r Correlation. This statistical tool was employed to determine the strength and direction of the relationships between continuous
variables. It enabled the researcher to assess the degree of association between each exogenous variable, namely, the inquiry-based
learning environment, metacognitive awareness, and critical thinking, and the endogenous variable, scientific attitudes.

Multiple Linear Regression Analysis. This statistical tool is used to examine the predictive relationships between a single dependent
variable and multiple independent variables. This study allowed the researcher to assess the extent and significance of the influence of
the exogenous variables, namely, the inquiry-based learning environment, metacognitive awareness, and critical thinking, on the
endogenous variable, scientific attitudes.

Path Analysis. This statistical tool was used to examine the detailed relationships among the variables and to analyze the causal
pathways through which the inquiry-based learning environment, metacognitive awareness, and critical thinking influence scientific
attitudes. This tool allowed the researcher to quantify the strength and significance of both direct and indirect effects between the
exogenous and endogenous variables.

Ethical Considerations

Smith (2024) highlighted that safeguarding participants’ welfare, privacy, and ethical concerns forms the foundation of research ethics,
enhancing the reliability, transparency, and credibility of the collected data while minimizing bias. The study emphasized social value,
informed consent, participants' vulnerability, risks, benefits, safety, privacy and confidentiality, justice, transparency, researcher
qualifications, adequacy of facilities, and community involvement, with each component carefully considered to ensure the ethical and
successful execution of the research.

Social Value. This component ensures that a study contributes to the public good and justifies the resources and participation it requires
(Rodriguez Duque et al., 2024). This study aimed to enhance the scientific attitudes of first-year students across three college
institutions in Davao de Oro. It examined how inquiry-based learning environments, metacognitive awareness, and critical thinking
influence students’ scientific attitudes during science learning. The findings of this study have the potential to improve decision-making,
problem-solving, and academic performance, and to enable students to contribute positively to their communities and society. Beyond
enhancing scientific attitudes, the study fostered an environment that further develops inquiry skills, metacognitive awareness, and
critical thinking, cultivating scientifically literate and capable individuals.

Informed Consent. Informed consent ensures that participants are fully aware of the purpose of the study, potential risks and benefits,
and their rights before deciding to participate (Grant, 2021). The researcher secured informed consent from all respondents to uphold
ethical standards. Participants were explicitly informed that their involvement was voluntary and that they could withdraw at any time
without consequence. The researcher also guaranteed confidentiality of personal information and responses, fostering trust and
encouraging honest participation.

Vulnerability of Research Participants. This component addresses the increased risk of harm, exploitation, or inadequate protection
faced by specific individuals or groups due to personal, situational, or contextual factors (Gordon, 2020). Although all respondents
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were of legal age, the researcher recognized potential vulnerabilities, such as membership in the LGBTQ+ community, pregnancy,
nursing, or physical disabilities. Measures were implemented to protect privacy and inclusivity, including allowing participants to
conceal their identities with face masks or other materials, wear comfortable clothing, select convenient locations, and participate in a
private, secure environment. The researcher remained attentive to participant concerns throughout the study, ensuring their safety and
respect.

Risks, Benefits, and Safety. This component safeguards participants by minimizing potential harm, while promoting positive outcomes
(White, 2020). The study posed minimal risk, primarily the potential discomfort of answering survey questions. Voluntary participation
was emphasized, and respondents could skip questions or withdraw at any time without penalties. Benefits included increased self-
awareness, improved academic performance, and insights for educators to enhance teaching strategies that foster inquiry-based
learning, metacognitive awareness, critical thinking, and scientific attitudes.

Privacy and Confidentiality. Protecting participants’ personal information is essential to maintain trust and ethical integrity (Bhandari,
2021). The researcher ensured that all personal information and responses were securely stored and not shared outside the scope of the
study, except for verification purposes with the Research Ethics Committee. Respondents’ identities were anonymized, with the option
to use pseudonyms, and contact information was provided to address any concerns, fostering open and honest participation.

Justice. Justice ensures fairness and equity throughout the research process, including the equitable selection of participants and fair
distribution of benefits and burdens (Pratt et al., 2020). Respondents were selected through stratified random sampling from the three
institutions, ensuring all eligible students had a fair opportunity to participate. Tokens of appreciation were provided to acknowledge
participants’ time and effort. The researcher maintained respect, inclusivity, and engagement with all respondents throughout the study.

Transparency. Transparency entails open sharing of research procedures, data collection, analysis, and interpretation to ensure
accountability, reproducibility, and credibility (Moravcsik, 2019). All data were carefully documented and shared with participants.
The researcher reported findings honestly, avoiding bias, and provided contact information for queries, reinforcing trust and study
credibility.

Qualification of the Researcher. A researcher’s knowledge, skills, and ethical awareness are critical to ensuring credibility and integrity,
particularly in handling ethical issues (Mirza et al., 2023). The researcher holds a Bachelor of Secondary Education major in Science
and is currently pursuing a Master of Arts in Education, major in Teaching Science. With three years of teaching experience and
participation in various professional development programs, the researcher possesses practical insights into educational methodologies
and student engagement. Guided by an experienced adviser, the researcher ensured proper execution of research procedures and ethical
compliance, demonstrating competence in conducting this study.

Adequacy of Facilities. This component emphasizes the importance of providing safe and suitable resources and environments for
ethical research conduct (Cacciattolo, 2015). The researcher selected study locations within the three institutions that met safety
standards, including proper ventilation, lighting, seating, and minimal distractions. Institutional approvals were obtained, and resources,
including materials, rooms, and expert guidance, were secured to ensure a conducive research environment.

Community Involvement. Meaningful community involvement requires consideration of local needs and collaborative engagement,
ensuring social relevance and impact (Fregonese, 2018). This study engaged all first-year students across three institutions, creating a
supportive environment that reinforced inquiry-based learning, metacognitive awareness, and critical thinking. Faculty, administrators,
and students actively participated through discussions and workshops, fostering shared responsibility and promoting the sustainable
enhancement of science education in the community.

Results and Discussion

This section presents the discussion of the study's results on the intercollective impact of an inquiry-based learning environment,
metacognitive awareness, and critical thinking on the scientific attitudes of first-year college students from the selected three colleges
in Davao de Oro. This includes all responses from respondents gathered through validated survey questionnaires during data collection,
which were analyzed with expert help. This section checks the tabulated data, their descriptive interpretations, and the answers to the
hypotheses tested in this study.

Extent of Students’ Scientific Attitudes in terms of Rationality

Table 1 presents the extent of students’ scientific attitudes regarding rationality. The item “Science is suitable for all students regardless
of gender” recorded the highest mean of 4.28 with a standard deviation of 0.76. This was followed by “Studying science subjects
enhances our intellect,” which obtained a mean of 4.26 with a standard deviation of 0.75, and “Scientific careers are more useful to the
advancements in society,” which garnered a mean of 4.25 with a standard deviation of 0.76.

These findings indicate that students strongly affirm the inclusivity of science, its role in developing intellectual abilities, and its
importance in societal progress. On the other hand, the item “Scientists do not live normal family lives” had the lowest mean of 3.82
and a standard deviation of 0.95, suggesting that although some students perceive this notion as accurate, it is less strongly endorsed
than the other items related to rationality.
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Table 1. The Extent of Scientific Attitudes of Students in terms of Rationality

ltems Mean SD Descriptive Equivalent
1. Traditional society hampers the growth of science. 4.13 0.78 Often
2. Science is suitable for all students regardless of gender. 4.28 0.76 Always
3. Scientific careers are more useful to the advancements in the society. 4.25 0.76 Always
4. Studying science is not everybody’s cup of tea. 4.08 0.82 Often
5. Tr_adlt'lonal beliefs should be accepted even when they are against 414 078 Ofien
scientific research.
6. Studying science subjects enhances our intellect. 4.26 0.75 Always
7. Scientists do not live normal family lives. 3.82 0.95 Often
Category Mean 4.14 0.80 Often

The overall category mean of 4.14 and standard deviation of 0.80 indicate that students generally demonstrated a high level of rationality
in their scientific attitudes. The descriptive rating of “Often” reflects that students consistently value facts, evidence, and logical
reasoning over personal biases or emotions. Furthermore, the moderate spread of responses shows relative consistency among the
group, suggesting that rational thinking is a well-established component of their scientific attitudes. The results confirm Nikolaev's
(2021) findings, which emphasize that rational students develop logical thinking abilities that enable them to analyze and evaluate
information scientifically. Similarly, Schmidt (2024) highlighted that students with a well-developed rational mindset are better able
to solve scientific problems using systematic methods, thereby advancing the critical scientific attitudes essential for investigation and
exploration. Overall, the present study's findings demonstrate that students with a high level of rational thinking cultivate strong inquiry
skills, skepticism, and persistent reasoning, which, in turn, foster more robust scientific attitudes.

Extent of Students’ Scientific Attitudes in terms of Open-mindedness

Table 2 illustrates the extent of students’ open-mindedness. The item “Study of science helps in thinking of new ideas” had the highest
mean of 4.27 and a standard deviation of 0.76, indicating that students consistently perceive science as a source of creativity and
innovation. Closely related, the item “Positive criticism is useful for advancement of knowledge” received a mean of 4.18 with a
standard deviation of 0.83. At the same time, “Science subjects have infinite opportunities” followed with a mean of 4.14 and a standard
deviation of 0.83.

Table 2. The Extent of Scientific Attitudes of Students in terms of Open-mindedness

Items Mean SD Descriptive Equivalent

1. Science makes us dependent on machines. 391 0.90 Often
2. Sharing too much knowledge with others is harmful. 3.76 1.07 Often
3. Any new thing can be criticized in the absence of facts. 4.02 0.85 Often
4. Science subjects have infinite opportunities. 4.14 0.83 Often
5. Science is not responsible for low moral standards. 3.89 0.91 Often
6. Positive criticism is useful for advancement of knowledge. 4.18 0.83 Often
7. Opinion of novice (new/unexperienced person) should not be accepted
X . . . 3.83 0.99 Often
immediately even though it is supported by evidence.
8. Scientific advancements have also adverse effects on humanity. 4.09 0.80 Often
9. Study of science helps in thinking new ideas. 4.27 0.76 Always
10. One may feel offended by a person who has different thinking from him/her. 4.07 0.86 Often

Category Mean 4.02 0.88 Often

These results underscore that students view science as a discipline that encourages novel thinking, values constructive critique, and
provides boundless opportunities for exploration. In contrast, the item “Sharing too much knowledge with others is harmful” registered
the lowest mean of 3.76 with a standard deviation of 1.07. This suggests that such a belief is less consistently supported by respondents
and is perceived as more variable than the other indicators of open-mindedness. Taken together, the overall category mean of 4.02 and
standard deviation of 0.88 indicate that students generally exhibit a high level of open-mindedness in their scientific attitudes. The
descriptive rating often signifies that they are inclined to accept and evaluate ideas based on evidence, even when the outcomes differ
from their prior assumptions or personal beliefs. Moreover, the relatively moderate variability in responses suggests that students share
the view that open-mindedness is integral to scientific learning, particularly by embracing diverse perspectives, welcoming constructive
feedback, and adjusting viewpoints in light of credible evidence.

The findings resonate with Blaszczak (2022), who emphasized that students who demonstrate open-mindedness in assessing scientific
information are better able to make sound decisions through careful, critical consideration. Similarly, Hassan et al. (2020) found that
open-minded students maintain objectivity even when confronted with new scientific evidence, enabling them to adapt their
perspectives in light of credible data. These results suggest that the development of open-mindedness fosters curiosity, innovation, and
continuous learning qualities that strengthen scientific attitudes.

Extent of Students’ Confidence in Scientific Method

Table 3 shows the extent of students’ scientific attitudes, specifically their confidence in the scientific method. The item “One should
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be honest and truthful in collecting and recording data” had the highest mean of 4.40 and a standard deviation of 0.72, indicating that
students strongly value honesty and accuracy in scientific work.

Table 3. The Extent of Scientific Attitudes of Students in terms of Confidence in Scientific Method

ltems Mean SD Descriptive Equivalent

1. Enough evidences should be collected before accepting an idea. 4.28 0.76 Always
2. Testing of knowledge should be procedural. 4.32 0.74 Always
3. One should be honest and truthful in collecting and recording data. 4.40 0.74 Always
4. Data can be manipulated according to the need. 4.01 0.94 Often
5. One should suspend (delay) his/her decision in the absence of sufficient data. 4.07 0.81 Often
6. Known is the basis to know the unknown. 4.12 0.79 Often
7. Questioning attitude helps in defining a problem. 4.17 0.76 Often
8. Any hypothesis should be accepted or rejected based on sufficient evidence. 4.12 0.79 Often
9. Knowledge should be considered tentative. 4.29 0.75 Always

Category Mean 4.20 0.79 Always

This was followed by “Testing of knowledge should be procedural,” which received a mean of 4.32 and a standard deviation of 0.75,
indicating that students recognize the importance of following clear, systematic steps when testing ideas. In addition, the items
“Knowledge should be considered tentative” and “Enough evidence should be collected before accepting an idea” had mean scores of
4.29 and 4.28 with standard deviations of 0.75 and 0.76, respectively, reflecting students’ awareness that scientific knowledge is not
absolute and should always be supported by sufficient evidence.

On the other hand, the item “Data can be manipulated according to the need” obtained the lowest mean of 4.01 with a standard deviation
0of 0.97. Although students generally disagreed with this idea, the higher spread of responses suggests that some students may still hold
less strict views about how data should be treated.

Overall, the category mean of 4.20 and standard deviation of 0.82 indicate that students have a high level of confidence in the scientific
method. The results suggest that they trust processes such as experimentation, systematic testing, and evidence-based reasoning. The
relatively consistent responses also indicate that most students share this positive outlook, which is important for shaping ethical
practices and the responsible use of scientific methods.

The results align with the findings of Khan and Siddiqui (2020), who observed that students who systematically search for information
or solutions tend to develop greater confidence in scientific processes. In the same way, Tommasi et al. (2021) emphasized that
confidence in the scientific method is linked to more positive attitudes toward scientific knowledge, noting that students who remain
open to new information and solutions demonstrate stronger trust in scientific practices.

These findings underscore that students’ confidence in the scientific method plays a crucial role in shaping their scientific attitudes,
reinforcing their belief in methodical inquiry and evidence-based reasoning. Furthermore, the more students strengthen this confidence,
the more capable they become in sharpening their analytical skills, particularly in recognizing misinformation and discerning reliable
scientific information.

Extent of Students’ Scientific Attitudes in terms of Curiosity

Table 4 presents the extent of students’ scientific attitudes regarding curiosity. The item “One should explore the unknown” recorded
the highest mean of 4.31 with a standard deviation of 0.72, indicating that students strongly value the pursuit of new knowledge. This
was followed by “One should be interested to know “WHY” of natural phenomenon” with a mean of 4.25 and a standard deviation of
0.74, and “One should search for reality behind appearances” with a mean of 4.20 and a standard deviation of 0.76.

These results suggest that students consistently recognize the importance of questioning, exploring, and seeking deeper explanations
in science. In contrast, the item “To do enquiry is a task of scientists and not of common man” obtained the lowest mean of 3.84 with
a standard deviation of 0.93. While this still reflects that curiosity is often expressed, the lower score indicates that some students may
perceive scientific inquiry as a specialized task rather than a shared responsibility.

Table 4. The Extent of Scientific Attitudes of Students in terms of Curiosity

Items Mean SD Descriptive Equivalent
1. One should explore the unknown. 4.31 0.72 Often
2. There is no conclusion as final or ultimate. 4.02 0.85 Always
3. There is a scientific cause for everything that takes place in this world. 4.10 0.82 Often
4. To do enquiry is a task of scientists and not of common man. 3.84 0.93 Often
5. One should be interested to know “WHY” of natural phenomenon. 4.25 0.74 Always
6. One should search for reality behind appearances. 4.20 0.76 Always
Category Mean 4.12 0.80 Often

Overall, the category mean of 4.12 and standard deviation of 0.80 indicate a high level of curiosity among students. This suggests that
learners maintain inquisitive mindsets and are eager to understand underlying scientific principles more deeply. The moderate spread
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of responses demonstrates relative consistency across the group, indicating that curiosity is a well-embedded trait in their scientific
attitudes.

The results parallel the findings of Putra et al. (2021), who emphasized that students’ curiosity is strengthened when integrated with
scientific approaches, thereby improving their learning outcomes in science. Likewise, Jirout (2020) explained that learners who nurture
curiosity by asking questions during discussions exhibit more advanced scientific thinking. Taken together, these findings highlight
curiosity as a vital driving force in the development of scientific attitudes, fostering active engagement, a more profound understanding
of scientific concepts, and improved decision-making through inquiry and evidence-based reasoning.

Extent of Students’ Scientific Attitudes in terms of Aversion to Superstition

Table 5 presents the extent of students’ scientific attitudes regarding superstition. The item “A black cat crossing one's path does not
bring bad luck” recorded the highest mean of 4.28 with a standard deviation of 0.80, indicating that students strongly reject this common
superstition.

This suggests a significant shift toward rational thinking and a preference for scientific explanations over culturally ingrained but
unfounded beliefs. Similarly, items such as “There is nothing like fate; man makes his own fate” and “Use of lemon and green chillies
cannot protect us from evil eye” also received high mean scores of 4.13 and 4.12, respectively, both showing standard deviations close
to 0.80, further affirming the students’ critical stance toward non-scientific claims.

Table 5. The Extent of Scientific Attitudes of Students in terms of Aversion to Superstition

ltems Mean SD Descriptive Equivalent
1. Sglenhst should report his/her discovery even if it is contradictory to 414 076 Often
religion.
2. Use of lemon and green chillies cannot protect us from evil eye. 4.12 0.80 Often
3. For the solution of a problem, one should not go to an astrologer. 4.08 0.85 Often
4. There is nothing like fate; man makes his own fate. 4.13 0.84 Often
5. Praying/recitation of mantras before an exam do not guarantee one to 390 095 Often
score more marks.
6. A black cat crossing one's path does not bring bad luck. 4.28 0.80 Always
Category Mean 4.11 0.83 Often

In contrast, the item “Praying/recitation of mantras before an exam does not guarantee one to score more marks” received the lowest
mean of 3.92 with a standard deviation of 0.95. While this score still falls under the often manifested category, it reveals that some
students may still hold on to certain traditional practices despite acknowledging their lack of scientific basis. This indicates that cultural
beliefs may still influence behavior, even among students who otherwise demonstrate strong scientific attitudes.

Overall, the category mean of 4.11 and standard deviation of 0.83 suggest a generally high level of aversion to superstition among the
students. This finding highlights a collective tendency to question and move away from beliefs that lack empirical support. The
moderate spread of responses indicates that while most students share a similar perspective, there are still varying levels of resistance
to superstition within the group.

These findings echo the work of Woolley et al. (2023), who observed that as students develop a deeper understanding of causality and
empirical evidence, they increasingly reject superstitious thinking. Similarly, Crossman (2023) emphasized that individuals who
prioritize scientific information are less likely to rely on unsupported beliefs and instead favor evidence-based explanations. Therefore,
aversion to superstition emerges as a critical element in shaping students’ scientific attitudes, as it reflects their commitment to rational
inquiry and their ability to evaluate information critically.

Extent of Scientific Attitudes of Students

Table 10 presents the extent of students’ scientific attitudes across the given indicators. “Confidence in Scientific Method” recorded
the highest mean score of 4.20 with a standard deviation of 0.65, indicating that it is consistently manifested among the students. This
suggests that they strongly value systematic experimentation and evidence-based reasoning, which is crucial in cultivating critical
thinking, inquiry skills, and reliability in scientific work.

Table 6. The Extent of Scientific Attitudes of Students

Items Mean SD Descriptive Equivalent
Rationality 4.14 0.80 Often
Open-mindedness 4.02 0.88 Often
Confidence in Scientific Method 4.20 0.79 Always
Curiosity 4.12 0.80 Often
Aversion to Superstition 4.11 0.83 Often
Overall Mean 4.12 0.82 Often
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In contrast, “Open-mindedness” had the lowest mean score of 4.02 and a standard deviation of 0.72, indicating that students are less
inclined to readily accept new perspectives or revise their views when confronted with alternative evidence. This relative weakness
highlights the importance of encouraging students to be more receptive to diverse ideas and adaptable in scientific discussions, as open-
mindedness is fundamental to scientific progress and collaborative problem-solving.

Collectively, the overall mean score of 4.12 with a standard deviation of 0.68 indicates that students generally demonstrated a high
level of scientific attitudes. This reflects their logical, inquiry-based, and evidence-driven reasoning skills, coupled with a good
skepticism toward unscientific claims. The findings underscore that while students are confident in the scientific method, which is a
strength that promotes accuracy and systematic problem-solving, developing greater open-mindedness will be equally essential in
fostering holistic scientific literacy and adaptability in real-world contexts.

These results are consistent with those of Fathayati et al. (2024), who found that students with strong scientific attitudes demonstrate
higher productivity and adaptability when faced with complex tasks. Similarly, Ince (2023) highlighted that confidence in science
enhances persistence and motivation in learning. Taken together, the findings emphasize that nurturing both confidence in the scientific
method and open-mindedness is vital for advancing students’ academic engagement, collaborative inquiry, and lifelong problem-
solving skills.

Ultimately, the findings show that scientific attitudes positively affect students' learning and engagement. Academic success and
essential life-long learning abilities are developed through these attributes, which students need for successful scientific exploration
and problem-solving.

Extent of Inquiry-Based Learning Environment in terms of Student Participation

Table 7 presents the extent of the inquiry-based learning environment in terms of student participation. The item “Our science teacher
values the answers we give in response to the questions” obtained the highest mean score of 4.31 with a standard deviation of 0.71,
indicating that teacher recognition of student responses is consistently practiced and plays a crucial role in fostering students’
confidence and motivation to participate actively in class.

This was followed by the item “Our science teacher encourages us to ask questions about the situations we encounter” with a mean
score of 4.29 and a standard deviation of 0.74, and “Our science teacher guides us when we are stuck” with a mean score of 4.20 and
a standard deviation of 0.76, both of which are always manifested. These findings highlight the teacher's supportive role in cultivating
curiosity and guiding learners through challenges.

Conversely, the item “In our science class, we can easily explain our ideas about the problems related to the subject” received the
lowest mean score of 4.00 with a standard deviation of 0.79, suggesting that while participation is generally high, some students may
still experience difficulty in articulating their scientific ideas with ease. This points to the need for instructional strategies that further
develop students” communication skills and confidence in expressing their reasoning.

Table 7. The Extent of Inquiry-Based Learning Environment in Terms of Student Participation

ltems Mean SD Descriptive Equivalent

1. Ou.r science teacher values the answers we give in response to the 431 075 Always
questions.
2. Our science teacher guides us when we are stuck. 4.20 0.84 Always
3. Our science teacher encourages us to ask questions about the situations 429 078 Always
we encounter.
4. Our science teacher values our feelings and thoughts. 4.12 0.80 Often
5. In our science class, we can explain our ideas easily. 4.13 0.80 Often
6. In our science class, we defend our ideas. 4.04 0.77 Often
7. In our science class, we can easily explain our ideas about the 400 0.78 Often
problems related to the subject.

Category Mean 4.16 0.79 Often

Conversely, the item “In our science class, we can easily explain our ideas about the problems related to the subject” received the
lowest mean score of 4.00 with a standard deviation of 0.79, suggesting that while participation is generally high, some students may
still experience difficulty in articulating their scientific ideas with ease. This points to the need for instructional strategies that further
develop students’ communication skills and confidence in expressing their reasoning.

Taken together, the overall composite mean score of 4.16 with a standard deviation of 0.75 indicates a high level of inquiry-based
learning environment in terms of student participation. This implies that the classroom setting not only provides opportunities for
learners to think critically and express their ideas but also emphasizes the importance of teacher support in guiding and valuing student
contributions, factors essential to sustaining active and meaningful engagement in scientific learning.

The results align with the findings of Gaunkar and Mina (2020), who emphasized that students demonstrate greater autonomy and
independence in their learning when immersed in inquiry-based environments. Similarly, Sam (2024) highlighted that such
environments not only cultivate critical thinking and problem-solving skills but also foster deeper engagement in scientific inquiry.
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Ultimately, these insights suggest that inquiry-based learning promotes active participation, enhances independent learning, and
strengthens students’ capacity to approach scientific problems systematically.

Extent of Inquiry-Based Learning Environment in terms of Paying Attention to ldeas

Table 8 presents the extent of the inquiry-based learning environment in terms of paying attention to ideas. Among the indicators, the
item “Our science teacher allows me to participate in activities in the classroom as well as other students” had the highest mean of 4.30
and a standard deviation of 0.76, indicating that this practice is consistently observed. This highlights the teacher’s intense effort to
ensure inclusivity in classroom activities, giving every student equal opportunities for engagement.

In a similar manner, the items “Our science teacher gives me a hearing in class discussions as much as other students” and “Our science
teacher cares about my questions as much as the questions of other students” both had means of 4.27 and standard deviations of 0.80
and 0.76, respectively. These values indicate that students perceive their teachers as attentive and responsive to their voices during
class.

Likewise, the items “Our science teacher cares about my opinions as much as the opinions of other students” and “Our science teacher
allows me to contribute to the work done in class as much as the other students” each earned a mean of 4.21 with standard deviations
of 0.77 and 0.78, respectively, reinforcing that teachers consistently value students’ opinions and contributions in class work.

Table 8. The Extent of Inquiry-Based Learning Environment in terms of Paying Attention to Ideas

ltems Mean SD Descriptive Equivalent
1. Our science teacher gives me a hearing in class discussions as much as 427 0.80 Always
other students.
2. Our science teacher cares about my questions as much as the questions 427 076 Always
of other students.
3. Our science teacher cares about my opinions as much as the opinions 491 077 Always
of other students.
4. Our science teacher allows me to contribute to the work done in class
4.21 0.78 Always

as much as the other students.
5. Qur science teacher encourages me as much as my classmates about 413 0.79 Always
the ideas I offer to problems.
6. Our science teacher allows me to participate in activities in the 430 076 Always
classroom as well as other students.

Category Mean 4.23 0.78 Always

On the other end, the lowest-rated item was “Our science teacher encourages me as much as my classmates about the ideas I offer to
problems,” which achieved a mean of 4.13 with a standard deviation of 0.79. Although still categorized as always manifested, the lower
score suggests that there may be fewer instances in which encouragement for individual problem-solving ideas is distributed equitably.
This suggests the importance of reinforcing strategies that affirm and motivate all students equally when they contribute ideas to
problem-solving tasks.

Overall, the categorical mean of 4.23 with a standard deviation of 0.78 indicates a very high level of inquiry-based learning in terms
of attention to ideas. This demonstrates that science teachers create a respectful and inclusive classroom climate where learners’
opinions, questions, and participation are valued, thereby fostering student confidence and engagement in the learning process.

These results echo those of Ivanova and Zhelyazka (2023), who found that students who receive consistent attention to their ideas are
more likely to strengthen their conceptual understanding and experimental skills. Likewise, Kruse et al. (2022) highlighted that
inclusive, idea-focused classrooms enhance students’ comprehension and engagement. Thus, valuing student voices in inquiry-based
learning not only cultivates critical and creative thinking but also advances their scientific literacy.

Extent of Inquiry-Based Learning Environment in terms of Collaboration

Table 9 details the extent of the inquiry-based learning environment in terms of collaboration. Among the indicators, the item “Our
science teacher encourages us to express our ideas” had the highest mean of 4.33 and a standard deviation of 0.69, indicating that this
practice is consistently observed. This underscores the teacher’s critical role in fostering an open environment where students feel
confident articulating their thoughts. Closely following, the item “In our science class, I learn new information from my classmates in
the class” reached a mean of 4.31 with a standard deviation of 0.73, indicating that students frequently learn through peer interaction.

Similarly, “In our science class, I work collaboratively with the other students in the class” yielded a mean of 4.28 with a standard
deviation of 0.75. In contrast “In our science class, we exchange ideas with our classmates about how to solve problems” earned a
mean of 4.20 with a standard deviation of 0.71. These findings reflect the consistent opportunities for teamwork, perspective exchange,
and mutual learning in science classrooms.

In contrast, the item “In our science class, I research to defend my opinions on the subject” had the lowest mean of 4.05 with a standard
deviation of 0.76. While still categorized as always manifested, this relatively lower rating suggests that independent research to support
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personal viewpoints may be less strongly emphasized than collective classroom collaboration. This suggests the importance of further
integrating research-oriented activities alongside teamwork to balance independent inquiry with cooperative learning.

Table 9. The Extent of Inquiry-Based Learning Environment in terms of Collaboration

ltems Mean SD Descriptive Equivalent
1. In our science class, I work collaboratively with the other students in 428 0.75 Always
the class.
2. In our science class, I help my classmates in the class. 4.17 0.74 Often
3. Our science teacher encourages us to express our ideas. 4.33 0.69 Always
4. In our science class, we exchange ideas with our classmates about how 420 071 Always

to solve problems.
5. In our science class, I research to defend my opinions on the subject. 4.05 0.76 Often
6. In our science class, I share resources with my classmates whom I

. 4.14 0.76 Often
collaborate with.
7. In our science class, I learn new information from my classmates in 431 073 Always
the class.
Category Mean 4.21 0.73 Always

Ultimately, the categorical mean of 4.21 with a standard deviation of 0.73 indicates a very high level of inquiry-based learning
environment in terms of collaboration. This highlights that science classrooms are generally successful in promoting cooperative
learning, where students communicate, share resources, and support one another. Furthermore, it affirms the teacher’s central role in
stimulating collaborative practices, which are essential in cultivating teamwork and practical communication skills.

The results support the findings of Lu et al. (2021), who emphasized that collaborative environments enhance higher-order thinking
and more effective learning strategies. Likewise, Rannastu-Avalos et al. (2023) noted that students demonstrate improved problem-
solving abilities when given opportunities to work with peers. The findings suggest that in an inquiry-based learning environment,
collaboration among students enables the development of problem-solving and critical thinking skills, enhanced communication, and
effective participation in science-related discussions, and also fosters greater confidence in their scientific inquiry practices.

Extent of Inquiry-Based Learning Environment in terms of Learning

Table 10 elucidates the extent of the inquiry-based learning environment in terms of learning. Notably, the item “In our science class,
I am aware that I am responsible for my learning” had the highest mean of 4.30 and a standard deviation of 0.74, indicating that this
practice is consistently enacted. This finding underscores the pivotal role of learner autonomy, wherein students acknowledge their
accountability for directing and sustaining their own learning trajectories.

Table 10. The Extent of Inquiry-Based Learning Environment in terms of Learning
Items Mean SD Descriptive Equivalent
1. In our science class, I can find answers to some problems by using the

information I have gathered from research. 4.12 0.74 Often

2. In our science class, I compare the information we obtain with the 413 076 Often

knowledge I already have.

3. In our science class, I use the information we gather to solve new 416 076 Ofien

problems.

4. In our science class, I question what I learned and how I learned it. 4.12 0.76 Always

5. In our science class, I am aware that [ am responsible for my learning. 4.30 0.74 Often
Category Mean 4.17 0.75 Often

Furthermore, the item “In our science class, I use the information we gather to solve new problems” recorded a mean of 4.16 with a
standard deviation of 0.76, while “In our science class, I compare the information we obtain with the knowledge I already have” yielded
a mean of 4.13 with a standard deviation of 0.76. These results indicate that learners frequently synthesize prior knowledge with new
information, thereby facilitating knowledge transfer and application to novel problem contexts.

In contrast, the lowest means were found in the items “In our science class, I can find answers to some problems by using the
information I have gathered from research” and “In our science class, I question what I learned and how I learned it,” both attaining
4.12 with standard deviations of 0.74 and 0.76, respectively. While still within the often manifested category, these outcomes imply
that opportunities for independent inquiry and metacognitive reflection may not be as robustly integrated into classroom practices. This
suggests the need to strengthen pedagogical strategies that foreground research-based inquiry and the critical self-examination of
learning processes.

Taken as a whole, the categorical mean of 4.17 with a standard deviation of 0.75 indicates a high level of inquiry-based learning. This
outcome demonstrates that science classrooms effectively nurture student responsibility, analytical reasoning, and the capacity to
process and internalize scientific knowledge.

Corroborating these findings, Yu et al. (2024) affirmed that inquiry-oriented environments cultivate enhanced analytical and reasoning
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abilities, thereby sustaining student interest in learning. In parallel, Casa-Coila et al. (2024) emphasized that such contexts deepen
conceptual understanding and strengthen problem-solving skills. The findings reaffirm that learning is the cornerstone of inquiry-based
environments, where students are positioned not merely as recipients of knowledge but as active constructors of scientific
understanding.

Extent of Inquiry-Based Learning Environment in terms of Asking Question

Table 11 highlights the extent of the inquiry-based learning environment in terms of asking questions. Significantly, the item “In our
science class, I can easily ask questions to my classmates” recorded the highest mean of 4.03 with a standard deviation of 0.80,
demonstrating that students are generally at ease initiating questions within peer interactions. This finding reflects a classroom
atmosphere that encourages curiosity and active engagement in collective learning.

Table 11. The Extent of Inquiry-Based Learning Environment in terms of Asking Questions

ltems Mean SD Descriptive Equivalent
1. In our science class, I can easily ask questions to my classmates. 4.03 0.80 Often
2.In our science class, my classmates in the class quickly ask me 380 087 Often
questions.
Category Mean 3.92 0.84 Often

On the other hand, the item “In our science class, my classmates quickly ask me questions” yielded the lowest mean of 3.80 with a
standard deviation of 0.87, suggesting that reciprocal questioning among peers occurs less frequently. Such a discrepancy points to
opportunities for educators to cultivate a more dynamic questioning culture, where students are both confident to ask and respond to
inquiries from their peers.

Overall, the categorical mean of 3.92 with a standard deviation of 0.84 indicates a high level of inquiry-based learning in terms of
asking questions. These results imply that students are developing foundational questioning skills, yet there remains scope to strengthen
mutual inquiry and curiosity, which are essential for a fully participatory inquiry-based classroom.

The findings align with the study of Jagat et al. (2024), who reported that inquiry-based learning environments enhance students’
questioning abilities and engagement in learning. Similarly, Talampas (2023) emphasized that students who regularly pose questions
demonstrate higher motivation, active participation, and positive attitudes toward learning. Taken together, these results indicate that
fostering questioning in the classroom promotes critical thinking, deepens scientific understanding, and supports active participation
in scientific inquiry.

Extent of Inquiry-Based Learning Environment in terms of Observations

Table 12 illustrates the extent of the inquiry-based learning environment through observations. Notably, the item “In our science class,
we make observations with my classmates to solve problems” had the highest mean of 4.06 and a standard deviation of 0.78, indicating
that collaborative observational activities are consistently enacted. This outcome underscores the importance of empirical engagement,
which fosters students’ analytical reasoning and systematic problem-solving.

In addition, the item “In our science class, we discuss the data obtained from the observations with our classmates” yielded a mean of
4.05 with a standard deviation of 0.74, highlighting that data interpretation and peer dialogue are integral to classroom practice. These
findings indicate that students are not only engaged in collecting information but also actively participate in interpreting results and
exchanging scientific insights, thereby strengthening collaborative inquiry.

Overall, the findings indicate a high level of inquiry-based learning, with a categorical mean of 4.06 and a standard deviation of 0.76.
This suggests that the learning environment effectively cultivates skills in evidence-based reasoning, cooperative engagement, and
critical analysis, which are essential for the development of scientific literacy.

Table 12. The Extent of Inquiry-Based Learning Environment in terms of Observations

Items Mean SD Descriptive Equivalent
1. In our science class, we make observations with my classmates to 406 078 Ofien
solve problems.
2.In our science class, we discuss the data obtained from the 405 074 Ofien
observations with our classmates.
Category Mean 4.06 0.76 Often

These outcomes correspond with the study Corredor et al. (2023), who observed that students with proficient observational skills
demonstrate enhanced comprehension and critical thinking. Similarly, Senisum and Edu (2023) emphasized that active engagement in
observation contributes to deeper conceptual understanding and more effective participation in science learning. Overall, these findings
suggest that systematic observation and collaborative analysis empower students to refine their interpretative skills, advance scientific
reasoning, and cultivate more robust scientific attitudes.
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Extent of Inquiry-Based Learning Environment in terms of Focusing on Problems

Table 13 presents the extent of the inquiry-based learning environment in terms of focusing on problems. Importantly, the item “In our
science class, [ am interested in problems related to the subject” had the highest mean 0f4.07 and a standard deviation of 0.81, indicating
that students are consistently engaged with subject-related challenges. This finding underscores the significance of intrinsic motivation
in promoting active engagement with scientific problems.

Table 13. The Extent of Inquiry-Based Learning Environment in terms of Focusing on Problems

ltems Mean SD Descriptive Equivalent
1. In our science class, I am interested in problems related to the subject. 4.07 0.81 Often
2. I concentrate fully in the science class. 3.97 0.77 Often
Category Mean 4.02 0.79 Often

In contrast, the item “I concentrate fully in the science class” recorded the lowest mean of 3.97 with a standard deviation of 0.77,
indicating a slight variation in sustained attention across students. Such an outcome highlights the potential for strategies that further
enhance students’ capacity to maintain focus during complex tasks.

Collectively, the categorical mean of 4.02 with a standard deviation of 0.79 indicates a high level of inquiry-based learning in terms of
problem-focused learning. These results suggest that students demonstrate interest and attentiveness when engaging with scientific
tasks, supporting their development of analytical reasoning, problem-solving, and creative thinking skills.

These findings are consistent with Rumanova et al. (2020), who reported that students who systematically assess and analyze problems
are better equipped to derive logical solutions, thereby enhancing academic performance. Similarly, Agustina et al. (2024) emphasized
that strong focusing skills contribute to elevated levels of creative thinking during problem-solving activities. Hence, fostering sustained
attention and engagement with problems enables students to approach scientific challenges methodically, integrate analytical and
creative strategies, and strengthen their overall scientific competence.

Extent of Inquiry-Based Learning Environment

Table 14 presents the overall extent of the inquiry-based learning environment across its indicators. Significantly, the item “paying
attention to ideas” achieved the highest mean of 4.23 with a standard deviation of 0.78, indicating that students consistently engage
with and value the ideas presented in class. This suggests that the classroom environment effectively cultivates attentiveness and
intellectual respect, likely enhancing collaborative learning and fostering critical thinking.

In contrast, the item “asking questions” recorded the lowest mean of 3.92 with a standard deviation of 0.84, indicating that peer and
self-initiated questioning is somewhat less frequent. This suggests a potential area for growth, where educators could further encourage
reciprocal questioning and curiosity-driven exploration to strengthen students’ inquiry skills and deepen their engagement with
scientific concepts.

Table 14. The Extent of Inquiry-Based Learning Environment

Indicators Mean SD Descriptive Equivalent

1. Student participation 4.16 0.79 Often
2. Paying attention to ideas 4.23 0.78 Always
3. Collaboration 4.21 0.73 Always
4. Learning 4.17 0.75 Often
5. Asking questions 3.92 0.84 Often
6. Observations 4.06 0.76 Often
7. Focusing on problems 4.02 0.79 Often

Overall Mean 4.11 0.78 Often

Collectively, the overall mean of 4.11 and the standard deviation of 0.78 indicate a high level of inquiry-based learning. These findings
suggest that students experience a rich and supportive environment where engagement, collaboration, and respect for diverse ideas are
strongly encouraged. In this context, the learning setting not only nurtures active participation but also reinforces the development of
analytical, reflective, and problem-solving skills.

The results align with the study by Urdanivia et al. (2023), which emphasized that inquiry-based learning enhances students’ critical
thinking, problem-solving abilities, and deeper understanding of scientific concepts through active engagement. Similarly, Kori (2020)
highlighted that such environments foster critical thinking and promote active engagement with the subject matter. Ultimately, these
findings suggest that exposure to a well-structured inquiry-based learning environment cultivates scientific attitudes, strengthens
conceptual understanding, and encourages proof-driven exploration, thereby improving both academic performance and student
confidence in science-related tasks.

Cumulatively, these findings indicate that a well-implemented inquiry-based learning environment creates a foundation for students to
cultivate scientific attitudes, strengthen conceptual understanding, and engage in evidence-driven exploration. This suggests that
consistent exposure to inquiry-based practices not only enhances cognitive and reflective skills but also empowers students to approach
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scientific learning with confidence, curiosity, and a proactive mindset.

Extent of Metacognitive Awareness in terms of Students’ Declarative Knowledge

Table 15 presents the extent of students’ metacognitive awareness regarding declarative knowledge. Of particular significance, the item
“I know which information is essential to learn” achieved the highest mean of 4.22 with a standard deviation of 0.76, indicating that
students consistently identify crucial information during the learning process. This underscores that students can strategically prioritize
content, thereby optimizing their learning efficiency and reinforcing their conceptual understanding.

In contrast, the item “I can remember information well” had the lowest mean of 3.77 and a standard deviation of 0.84, suggesting that
retention of information is somewhat less consistently practiced. This highlights a potential pedagogical intervention area, where
techniques such as spaced repetition, active recall, or cognitive mapping could enhance memory retention and consolidate learning
outcomes.

Table 15. The Extent of Metacognitive Awareness of Students in terms of Declarative Knowledge

ltems Mean SD Descriptive Equivalent
1. I know which information is essential to learn. 4.22 0.76 Always
2. I can organize information well. 3.90 0.74 Often
3. I can remember information well. 3.77 0.84 Often
4. I can control my learning whether I have learned well or not. 4.03 0.78 Often
5.1 can decide whether I have understood something well. 4.07 0.77 Often
Category Mean 4.00 0.78 Often

Overall, the categorical mean of 4.00 and standard deviation of 0.78 indicate a high level of metacognitive awareness regarding
declarative knowledge. These findings suggest that students generally possess an acute awareness of their cognitive processes, enabling
them to monitor, regulate, and evaluate their learning effectively.

The results correspond with Hwang et al. (2024), who found that students with a robust foundation in declarative knowledge
demonstrate superior learning outcomes. Similarly, Bitzenbauer (2021) emphasized that declarative knowledge strengthens students’
conceptual grasp and analytical skills. Taken together, these findings imply that cultivating declarative knowledge within metacognitive
awareness not only enhances students’ strategic learning and information processing but also contributes to the development of
scientific reasoning and improved academic performance.

Extent of Metacognitive Awareness in terms of Procedural Knowledge

Table 16 demonstrates the extent of students’ procedural knowledge. Of particular relevance, the item “I try to use strategies that have
worked previously” attained the highest mean of 4.12 with a standard deviation of 0.79, indicating that students frequently rely on
proven strategies in their learning. This suggests that students can recognize practical approaches and apply them systematically,
thereby enhancing the efficiency and reliability of their learning processes.

Table 16. The Extent of Metacognitive Awareness of Students in terms of Procedural Knowledge

ltems Mean SD Descriptive Equivalent
1. I try to use strategies that have worked previously. 4.12 0.79 Often
2. I have a specific purpose for each strategy I use. 4.07 0.76 Often
3. I realized and learned the type of strategy used. 4.04 0.77 Often
4. 1 found myself using appropriate strategies spontaneously. 3.89 0.82 Often
Category Mean 4.03 0.79 Often

On the other hand, the item “I found myself using appropriate strategies spontaneously” had the lowest mean of 3.89 and a standard
deviation of 0.82, suggesting that spontaneous strategy use is somewhat less consistent. This underscores a potential area for
development, as fostering adaptive and flexible use of strategies could further strengthen students’ procedural proficiency and their
capacity to navigate unfamiliar scientific challenges.

Overall, the categorical mean of 4.03 and standard deviation of 0.79 indicate a high level of metacognitive awareness regarding
procedural knowledge. These findings indicate that students not only understand various learning strategies but also execute them
effectively and confidently, which is essential for problem-solving and the application of scientific concepts.

The results are consistent with those of Butvilas et al. (2023), who reported that procedural knowledge is positively associated with
metacognitive awareness, thereby enhancing students’ ability to apply learned concepts effectively. Similarly, Ita and Khoiro (2022)
emphasized that procedural knowledge facilitates the practical application of scientific concepts, thereby reinforcing students’
metacognitive development. Therefore, the development of procedural knowledge equips students to strategically implement and adapt
learning strategies across diverse scientific contexts, ultimately promoting problem-solving skills, conceptual application, and
strengthened scientific attitudes.
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Extent of Metacognitive Awareness in terms of Conditional Knowledge

Table 17 presents the extent of students’ metacognitive awareness regarding conditional knowledge. Notably, the item “I can learn
better when I know something about the topic” obtained the highest mean of 4.39 with a standard deviation of 0.68, indicating that
students consistently benefit from prior understanding of the subject matter. This suggests that possessing preliminary knowledge
enhances students’ learning efficiency, enabling them to engage with new concepts and strategically scaffold their comprehension.

Alternatively, the item “I know the strategy I use is effective” had the lowest mean of 3.98 and a standard deviation of 0.78, suggesting
that students’ confidence in the effectiveness of their strategies is somewhat less consistent. This implies a potential area for
instructional reinforcement, where explicit feedback and reflection on strategy effectiveness could further consolidate students’ ability
to adapt their learning approaches.

On top of that, the categorical mean of 4.15 and standard deviation of 0.76 indicate a high level of metacognitive awareness regarding
conditional knowledge. These findings indicate that students can exercise deliberate control over their learning processes, adjust
strategies to situational demands, and regulate their cognitive strengths and weaknesses.

Table 17. The Extent of Metacognitive Awareness of Students in terms of Conditional Knowledge

ltems Mean SD Descriptive Equivalent

1. I can learn better when I know something about the topic. 4.39 0.68 Always
2.1 use different strategies depending on the situation of the given 414 077 Often
question.
3. I can motivate myself to study if necessary. 4.16 0.80 Often
4. I use intellectual strength to balance my weaknesses. 4.08 0.76 Often
5. 1 know the strategy I use is effective. 3.98 0.78 Often

Category Mean 4.15 0.76 Often

The results corroborate the study of Pramesti et al. (2023), which emphasized that students with advanced conditional knowledge can
effectively integrate appropriate strategies into their learning. Similarly, Tjabolo et al. (2022) highlighted that students who adjust their
learning approaches according to context demonstrate superior conditional knowledge. All things considered, the development of
conditional knowledge supports students’ strategic thinking, enabling them to select and apply appropriate learning methods according
to the demands of a task, thereby improving problem-solving capacity, learning quality, and overall metacognitive competence.

Extent of Metacognitive Awareness in terms of Planning Abilities

Table 18 presents the extent of students’ metacognitive awareness in terms of planning. Evidently, the item “I read the instructions
carefully before starting the task™ achieved the highest mean score of 4.35 with a standard deviation of 0.71, indicating that students
consistently demonstrate this behavior. This suggests that learners exhibit strong preparatory skills and cognitive organization, allowing
them to approach tasks with clarity and structured thinking.

In contrast, the item “I manage my time as best I can to achieve my goals” recorded the lowest mean score of 4.10 and a standard
deviation of 0.82, suggesting that, while students generally plan effectively, they experience variability in allocating their time
efficiently. This highlights a potential area for targeted support, underscoring the need to enhance time management strategies to
optimize academic outcomes.

Table 18. The Extent of Metacognitive Awareness of Students in terms of Planning

Items Mean SD Descriptive Equivalent
1. I think about what I have learned before starting an assignment. 4.21 0.79 Always
2. I set certain information before starting a task. 4.17 0.78 Often
3. I will choose the best way to solve the problem. 4.24 0.72 Always
4. 1 read the instructions carefully before starting the task. 4.35 0.71 Always
5. I manage my time as best I can to achieve my goals. 4.10 0.82 Always
Category Mean 4.21 0.76 Always

Ultimately, the overall mean of 4.21 and standard deviation of 0.76 reflect a high level of metacognitive awareness in planning. These
findings denote that students are capable of anticipating task requirements, selecting appropriate approaches, and organizing their
learning processes effectively. Such capabilities contribute to improved decision-making and problem-solving during academic
activities.

The findings align with the study by Kovalchuk et al. (2023), which emphasized that students with well-developed planning skills
demonstrate heightened awareness of their cognitive processes. Similarly, Rinaldi (2021) reported that learners who can identify and
apply effective learning strategies in specific situations show enhanced planning proficiency. Taken together, these results underscore
that fostering planning skills within metacognitive awareness not only enhances strategic learning and problem-solving capacity but
also supports the cultivation of scientific attitudes and academic achievement.
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Extent of Metacognitive Awareness in terms of Monitoring Abilities

Table 19 depicts the extent of students’ metacognitive awareness in terms of monitoring. Significantly, the item “Before responding to
a situation, I explore numerous possibilities” achieved the highest mean score of 4.23 with a standard deviation of 0.77, indicating that
students consistently engage in evaluative thinking and deliberate multiple approaches before acting. This reflects their capacity for
proactive reflection and strategic planning during learning activities.

Conversely, the item “I learned and reviewed periodically to help myself understand the essential connections of information” received
the lowest mean score of 4.06 with a standard deviation of 0.79, suggesting that while students do engage in periodic review,
consistency in connecting and integrating information varies. This highlights a potential area for instructional support to reinforce
systematic review habits and strengthen conceptual understanding.

Table 19. The Extent of Metacognitive Awareness of Students in terms of Monitoring

ltems Mean SD Descriptive Equivalent

1. I often ask myself if I have achieved the learning goal. 4.15 0.78 Often
2. Before responding to a situation, I explore numerous possibilities. 4.23 0.77 Always
3.1 question whether I have examined all possible techniques for 408 073 Ofien
accomplishing the task.
4.1 legmed and rf-:v1ewe(_1 perlodl(_:ally to help myself understand the 406 0.79 Ofien
essential connections of information.
5.1 found analyzing the usefulness of different strategies when studying. 4.09 0.76 Often
6. 1 find that I always pause to reflect on my understanding. 4.13 0.76 Often

Category Mean 4.12 0.77 Often

In aggregate, the category mean of 4.12 and standard deviation of 0.77 indicate a high level of metacognitive awareness in monitoring.
This outcome suggests that students generally demonstrate strong reflective capabilities, can evaluate their comprehension, and can
regulate their learning processes effectively. These competencies are essential for fostering self-directed learning and enhancing
academic performance.

The findings correspond with Samuel (2023), who reported that learners with well-developed monitoring skills can adjust their learning
strategies and assess their progress even outside formal classroom settings. Similarly, Xiong and Noichun (2022) emphasized that
active engagement in reflective practices strengthens self-monitoring, enabling learners to adapt strategies to optimize comprehension.
In conclusion, cultivating monitoring skills promotes autonomous learning, enhances problem-solving aptitude, and reinforces
scientific reasoning in inquiry-based educational contexts.

Extent of Metacognitive Awareness in terms of Evaluation

Table 20 presents the extent of students' metacognitive awareness regarding evaluation. To further emphasize, the item “After
completing the task, I asked myself if there was an easy way to complete the job” attained the highest mean of 4.13, suggesting that
students frequently engage in reflective evaluation to identify more efficient strategies for task completion. This highlights their ability
to assess their approaches and optimize their learning outcomes critically.

Table 20. The Extent of Metacognitive Awareness of Students in terms of Evaluation

Items Mean SD Descriptive Equivalent
1. I know the extent of self-achievement after completing a test. 4.09 0.80 Often
2. After completmg the task, I asked myself if there was an easy way to 413 075 Often
complete the job.
3. After studying, I always summarize what I have learned. 4.01 0.80 Often
zéﬁ?er completing a task, I ask myself how far I have achieved my 401 078 Ofien

5.1 asked myself if | had learned any additional knowledge after

completing the assignment. 4.12 0.75 Often

Category Mean 4.07 0.78 Often

Meanwhile, the items “After studying, I always summarize what I have learned” and “After completing a task, I ask myself how far I
have achieved my goals” received the lowest mean score of 4.01, indicating that although students consistently perform summarization
and goal assessment, there remains a marginal gap in regularity and depth of evaluative practice. This leads to a potential area for
strengthening systematic reflection and performance monitoring.

The overall mean of 4.07 indicates a high level of metacognitive awareness in evaluation. This demonstrates that students actively
engage in evaluative thinking, particularly after completing tasks, enabling them to monitor their progress, reflect on their learning,
and adjust their strategies as needed.

The findings support those of Muhammad et al. (2024), who asserted that students with strong self-evaluation skills are better able to
engage in independent learning and accurately identify areas for improvement. Similarly, Gladovic et al. (2023) emphasized that
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reflective assessment enhances students’ capacity to appraise their tasks and adhere to quality standards critically.

Additionally, Seden et al. (2023) highlighted that students with robust evaluative abilities demonstrate heightened self-awareness and
precise performance assessment. Consequently, through consistent self-assessment, students strengthen their metacognitive
competence, cultivate scientific attitudes, and develop critical thinking skills while adapting effectively to diverse learning contexts.

Extent of Metacognitive Awareness of Students

Table 21 presents the extent of students’ metacognitive awareness across the examined dimensions. “Planning” recorded the highest
mean score of 4.21 with a standard deviation of 0.76, indicating that it is consistently manifested among the students. This suggests
that they effectively organize, anticipate, and regulate their learning tasks, demonstrating strong strategic thinking and self-directed
control over their academic performance.

In contrast, “Declarative Knowledge” had the lowest mean score of 4.00, with a standard deviation of 0.78, suggesting that students
are somewhat less consistent in mastering and internalizing essential information. This relative weakness highlights the need to
strengthen further students’ foundational knowledge to support the practical application of cognitive strategies and enhance overall
learning efficiency.

Table 21. The Extent of Metacognitive Awareness of Students

Indicators Mean SD Descriptive Equivalent

1. Declarative Knowledge 4.00 0.78 Often
2. Procedural Knowledge 4.03 0.79 Often
3. Conditional Knowledge 4.15 0.76 Often
4. Planning 4.21 0.76 Always
5. Monitoring 4.12 0.77 Often
6. Evaluation 4.07 0.78 Often

Overall Mean 4.10 0.77 Often

Overall, the mean score of 4.10 with a standard deviation of 0.77 suggests that students exhibit a substantial level of metacognitive
awareness. This demonstrates their ability to not only recognize and comprehend their own cognitive processes but also to strategically
regulate and orchestrate their learning activities. Moreover, it indicates that students are capable of setting goals, selecting appropriate
strategies, monitoring their progress, and reflecting on outcomes to optimize understanding and performance.

These findings align with those of Durukan et al. (2022), who noted that students with elevated metacognitive awareness can adapt
their strategies and reflect on their learning, thereby promoting academic self-regulation. Similarly, Stanton et al. (2021) emphasized
that awareness of one’s own thinking enhances independence and preparedness for diverse academic challenges. In addition, Hartelt
and Martens (2024) highlighted that students who are conscious of their cognitive processes approach learning tasks with greater
confidence, while Gutierrez de Blume et al. (2024) noted that monitoring and evaluating one’s learning facilitates improved self-
management and academic outcomes.

All things considered, students cultivate stronger scientific attitudes through metacognitive awareness, as it fosters autonomous learning
and adaptability in facing academic challenges. The findings indicate that students who engage in reflective thinking and self-
assessment develop greater confidence in employing effective learning strategies, which, in turn, enhances their ability to solve
problems independently. Moreover, academic performance and outcomes in science education are strengthened when students actively
monitor their learning processes and make strategic adjustments to optimize their study habits.

Extent of Critical Thinking of Students in terms of Remembering

Table 22 presents the extent of students’ critical thinking in terms of remembering. The results reveal that the items “After reading it,
I am able to repeat important threads from the text” and “If necessary, I can recall information about which I once read” both received
the highest mean score of 3.89, indicating that students frequently demonstrate these abilities. The corresponding standard deviations,
0.84 and 0.82, respectively, suggest moderate variability in students’ performance, indicating that although most students are proficient
at recalling key information, some variation exists in their memory retention strategies.

Table 22. The Extent of Critical Thinking of Students in Terms of Remembering

ltems Mean SD Descriptive Equivalent
1. After reading it, I am able to repeat important threads from the text. 3.89 0.84 Often
2. If necessary, I can recall information about which I once read. 3.89 0.82 Often
3. I can remember much from what I was learning at school. 3.82 0.82 Often
Category Mean 3.87 0.83 Often

In contrast, the item “I can remember much from what I was learning at school” had the lowest mean score of 3.82, indicating frequent
manifestation but slightly lower consistency, suggesting that some students may experience challenges in retaining information over
longer periods or across different contexts. Collectively, the overall mean score of 3.87, accompanied by a standard deviation of 0.83,
indicates that students generally demonstrate a high level of proficiency in retrieving and recalling previously learned information.
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The relatively moderate variability, as reflected in the SD, suggests that while most students are consistently capable of recalling
essential concepts, there is some variation in the degree of mastery across the group. This proficiency in remembering not only reflects
competence in the foundational cognitive domain but also lays a critical foundation for higher-order thinking.

These findings align with the study by Murphy and Castel (2021), which emphasized that students with strong recall abilities exhibit
improved conceptual understanding and demonstrate greater learning efficacy. Likewise, Wardani et al. (2024) observed that robust
remembering skills enhance students’ performance even within conventional learning environments. In addition, Zaidi and Zaidi (2022)
highlighted that students with well-developed memory capacities are better able to retain and apply knowledge, thereby positively
influencing their academic outcomes.

Therefore, the ability to effectively retrieve prior knowledge enables students to synthesize information, build deeper conceptual
understanding, and enhance problem-solving abilities. Furthermore, students with well-honed memory skills are more adept at retaining
essential scientific information, thereby strengthening their reasoning and decision-making capacities in scientific contexts.

Extent of Critical Thinking of Students in terms of Understanding

Table 23 shows students' understanding of critical thinking. The findings show that the item “I like to collate different opinions and
compare them with each other” received the highest mean score of 4.02 with a standard deviation of 0.79, indicating that it is often
manifested. This suggests that students consistently engage in comparing ideas, demonstrating their ability to synthesize information
from various sources and develop interpretive and evaluative thinking.

Meanwhile, the item “I have no problem with paraphrasing” had the lowest mean score of 3.74 and a standard deviation of 0.89,
indicating that it is also often manifested. This implies that some students experience variability in expressing ideas in their own words,
indicating a need for reinforcement in paraphrasing skills to strengthen comprehension and communication.

Table 23. The Extent of Critical Thinking of Students in terms of Understanding

ltems Mean SD Descriptive Equivalent
1. I can understand texts from various fields. 3.83 0.84 Often
2. I like to collate different opinions and compare them with each other. 4.02 0.79 Often
3. I have no problem with paraphrasing. 3.74 0.89 Often
4. 1 pay attention to the contexts, nuances, and overtones of the statements. 3.92 0.83 Often
Category Mean 3.88 0.84 Often

Based on the results, students’ understanding skills received an overall mean score of 3.88 with a standard deviation of 0.84, indicating
a high level of comprehension. This reflects their ability to grasp key concepts and effectively interpret, organize, and synthesize
information. The standard deviation suggests that while most students demonstrate consistent comprehension, some may benefit from
additional support to achieve uniform proficiency. Overall, these findings highlight the significance of strong understanding skills as a
critical component of cognitive and analytical development.

The results align with those of Suharto et al. (2020), who found that students with strong understanding skills demonstrate better
conceptual comprehension and academic engagement. Similarly, Widinda (2020) emphasized that high-level understanding supports
scientific writing and idea organization. Additionally, Sutirna and Safuri (2023) noted that students with well-developed comprehension
skills tend to demonstrate improved practical skills and positive scientific attitudes. Overall, fostering both comparative analysis and
paraphrasing abilities is essential for enhancing students’ critical thinking and practical application of scientific knowledge.

Extent of Critical Thinking of Students in terms of Analyzing

Table 24 shows students' critical thinking in terms of analysis. The findings indicate that the item “I like finding connections between
seemingly different phenomena” received the highest mean score of 3.95 with a standard deviation of 0.78, suggesting that it is often
manifested. This implies that students actively engage in identifying relationships across concepts, demonstrating their capacity to
synthesize knowledge and connect ideas from diverse contexts.

On the other hand, the item “I like making an in-depth analysis of reality” obtained the lowest mean score of 3.84 with a standard
deviation of 0.88, indicating that it is also often manifested. This reflects a slight variation in students’ ability to conduct thorough,
critical examinations of real-world situations, suggesting that some students may benefit from additional guidance in applying deeper
analytical thinking.

Table 24. The Extent of Critical Thinking of Students in terms of Analyzing

ltems Mean SD Descriptive Equivalent
1. I like making an in-depth analysis of reality. 3.84 0.88 Often
2. I like finding connections between seemingly different phenomena. 3.95 0.78 Often
3. I can extract the most relevant parts of a text. 3.86 0.81 Often
4. When I read the text, I am researching for a relationship between the 3.94 0.77 Often
information it contains and other texts that I have read.
Category Mean 3.90 0.81 Often
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As reflected in the findings, students’ analytical skills had an overall mean score of 3.90 and a standard deviation of 0.81, indicating a
high level of analytical proficiency. The standard deviation suggests that while most students demonstrate consistent analytical skills,
some may require additional support to achieve comparable proficiency. Overall, these findings highlight the importance of developing
strong analytical abilities to strengthen students’ problem-solving, reasoning, and scientific conceptual understanding.

The results align with Wynn (2024), who emphasized that students with refined analytical skills can critically evaluate concepts and
solve complex problems more effectively. Similarly, Suyatman et al. (2021) indicated that strong analytical skills enhance students’
ability to interpret scientific concepts and derive practical solutions. Moreover, Toleva-Stoimenova and Rasheva-Yordanova (2023)
noted that students with advanced analytical capacities demonstrate improved decision-making abilities and a better grasp of scientific
understanding, which positively impacts their academic outcomes and preparedness for real-world challenges.

Extent of Critical Thinking of Students in terms of Applying

Table 25 demonstrates the extent of students’ critical thinking in terms of applying. The item “I am willing to share my newly gained
information” received the highest mean score of 4.22 with a standard deviation of 0.76, indicating that it is consistently manifested.
This suggests that students actively engage in sharing knowledge, demonstrating confidence in their learning and a strong capacity for
collaboration and practical application of concepts. On the contrary, the item “When I talk, I give many examples™ had the lowest mean
score of 3.99 and a standard deviation of 0.82, indicating that it is often manifested. This implies that, while students generally provide
examples to support their ideas, there is some variability in their ability to consistently illustrate concepts, suggesting a need for
reinforcement in linking theory to practical examples.

Table 25. The Extent of Critical Thinking of Students in terms of Applying

ltems Mean SD Descriptive Equivalent
1. I am willing to share my newly gained information. 4.22 0.76 Always
2. When [ talk, I give many examples. 3.99 0.82 Often
3. When discussing, I try to use practical examples to justify my stance on 412 0.76 Often
the matter.
4. I try to use the information I have learned in everyday life. 4.10 0.77 Often
Category Mean 4.11 0.78 Often

In light of the results, students’ applying skills achieved an overall mean score of 4.11 with a standard deviation of 0.78, reflecting a
high level of ability to translate knowledge into practice. This demonstrates that students not only grasp theoretical concepts but also
can apply them in practical, real-world, and collaborative contexts. The standard deviation indicates moderate consistency among
students, though some may benefit from additional guidance to better apply the examples. Overall, these findings underscore the
importance of fostering practical knowledge application as a critical component of critical thinking and problem-solving.

The results support Jamir's (2023) findings, which noted that students with advanced application skills display greater competence and
adaptability in real-world contexts. Similarly, Tomory (2023) emphasized that effective knowledge application enhances practical skills
and soft competencies. Chaudhari and Deshpande (2023) also noted that students with strong application skills can integrate theoretical
knowledge into professional and everyday contexts. Furthermore, Patra et al. (2022) concluded that innovative teaching strategies
enhance students’ ability to apply knowledge, thereby strengthening their critical thinking and problem-solving skills.

Extent of Critical Thinking of Students in terms of Evaluating

Table 26 shows students' critical thinking in evaluating. The findings indicate that the item “When I am interested in some information,
I try to check if it is true” had the highest mean score of 4.35 and a standard deviation of 0.72, suggesting it is consistently manifested.
This demonstrates that students actively engage in fact-checking, showing a strong inclination to verify information and to exercise
critical judgment in both academic and real-world contexts. Their ability to validate sources and question information reflects a high
level of evaluative skill, which is essential for informed decision-making and reflective thinking.

Table 26. The Extent of Critical Thinking of Students in terms of Evaluating

Items Mean SD Descriptive Equivalent
1. In the discussion, I care about justifying my stance on the matter and
understanding the other party at the same time. 4.12 0.75 Often
2. When I am interested in some information, I try to check if it is true. 4.35 0.72 Always
3. After reading, I check important information, even if it seems to be true. 4.23 0.72 Always
4. To evaluate the information, I check many sources. 4.14 0.78 Often
Category Mean 4.21 0.74 Always

Contrarily, the item “In the discussion, I care about justifying my stance on the matter and understanding the other party at the same
time” obtained the lowest mean score of 4.12 with a standard deviation of 0.75, indicating that it is often manifested. This implies that,
while students are generally able to justify their opinions and consider alternative perspectives, there is some variability in their ability
to balance assertiveness with openness during discussions. Targeted support in collaborative evaluation and perspective-taking could
further enhance their evaluative competence.
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Collectively, the overall mean score of 4.21 with a standard deviation of 0.74 reflects a very high level of critical thinking in the
evaluating dimension. This suggests that students not only assess information rigorously but also integrate reflective judgment and
logical reasoning into their academic practices. The findings indicate that students are capable of distinguishing factual content from
assumptions or bias, supporting their ability to make informed decisions and strengthen scientific reasoning.

These results are consistent with Wanzer (2020), who found that students with strong evaluative skills make more informed decisions
and develop higher-order critical thinking skills. Similarly, Shenton (2024) emphasized that practical evaluation enables students to
identify and use relevant information appropriately. Furthermore, Pimentel (2024) and Cekule and Cekuls (2022) noted that students
who verify sources and critically assess content demonstrate better reflective thinking and decision-making abilities. Overall,
cultivating evaluation skills enhances students’ capacity to handle complex information, make logical judgments, and achieve greater
academic and scientific competence.

Extent of Critical Thinking of Students in terms of Creating

Table 27 presents the extent of students’ critical thinking in terms of creating. The item “I like combining information from different
texts” obtained the highest mean score of 4.08 with a standard deviation of 0.81, indicating that it is often manifested. This suggests
that students frequently integrate information from multiple sources, demonstrating their capacity to synthesize ideas and engage in
creative reasoning. Such skills enable them to approach problems innovatively and generate original solutions in academic and
scientific contexts.

On the other hand, the item “I can change the structure of the text after reading it” had the lowest mean score of 3.81 and a standard
deviation of 0.86, indicating that it is often manifested. This suggests that some students may experience challenges with restructuring
or reinterpreting information, indicating an area for further development in flexible and adaptive thinking.

Table 27. The Extent of Critical Thinking of Students in terms of Creating

ltems Mean SD Descriptive Equivalent
1. I like combining information from different texts. 4.08 0.81 Often
2. I like expressing the same content in many different ways. 4.02 0.77 Often

3. I like form my impression on the basis of various information that I combine

. 4.02 0.73 Often

with each other.
4. Everything that exists can be changed or improved to create something new. 4.12 0.74 Often
5.1 can change the structure of the text after reading it. 3.81 0.86 Often
6. I like discussing new meanings in texts that I already know. 4.06 0.79 Often
Category Mean 4.02 0.78 Often

As indicated in the findings, the mean score of 4.02 with a standard deviation of 0.78 reflects a high level of creative critical thinking
among students. It indicates that learners are generally capable of combining knowledge, reimagining content, and viewing information
from different perspectives. The standard deviation indicates that while most students consistently demonstrate creative skills, some
may require additional guidance to achieve comparable proficiency.

These findings align with Alsaleh (2020), who highlighted that students who generate innovative solutions demonstrate strong creative
thinking abilities. Wulandari et al. (2024) similarly emphasized that reasoning skills underpin creative learning, while Arifianti and
Baidawi (2024) noted that problem-solving in open-ended contexts fosters innovation. Additionally, Akmam et al. (2024) revealed that
engaging with complex material enhances students’ creativity. Overall, nurturing creative thinking enables learners to devise novel
solutions, integrate multiple perspectives, and strengthen both scientific reasoning and practical problem-solving abilities.

Extent of Critical Thinking of Students

Table 28 presents the overall extent of students’ critical thinking. The item “Evaluating” received the highest mean score of 4.21 with
a standard deviation of 0.74, indicating that it is consistently manifested among the students. This suggests that students actively engage
in assessing information, reflecting on outcomes, and making reasoned judgments. The relatively lower standard deviation further
implies that most students demonstrate consistent proficiency in evaluation, highlighting their strength in higher-order critical thinking
and their ability to appraise information and make informed decisions critically.

Table 28. The Extent of Critical Thinking of Students

Indicators Mean SD Descriptive Equivalent

1. Remembering 3.87 0.83 Often
2. Understanding 3.88 0.84 Often
3. Analyzing 3.90 0.81 Often
4. Applying 4.11 0.78 Often
5. Evaluating 4.21 0.74 Always
6. Creating 4.02 0.78 Often

Overall Mean 4.00 0.80 Often

In contrast, the item “Remembering” recorded the lowest mean score of 3.87 with a standard deviation of 0.83, indicating that it is
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often demonstrated. This shows that while students can retrieve previously learned information, there is slightly greater variability in
performance compared to evaluating skills. Some students may need additional reinforcement to achieve uniform proficiency in
recalling foundational knowledge, which is essential for building more complex cognitive processes.

Overall, the students’ critical thinking skills are demonstrated by a total mean score of 4.00 with a standard deviation of 0.80, indicating
a generally high level of competence. The observed upward trend in mean scores across lower- and higher-order cognitive domains
suggests that students are not only able to recall and understand foundational knowledge but are also advancing toward more
sophisticated cognitive processes. This progression encompasses the ability to apply learned concepts in practical contexts, analyze
relationships and patterns within information, evaluate the validity and relevance of ideas, and create new solutions or perspectives.

These findings align with previous studies indicating that academically strong students consistently demonstrate advanced critical
thinking abilities. For instance, Yau et al. (2023) observed that high-achieving students exhibit heightened critical thinking, whereas
Garcia Carmona (2023) emphasized the integral role of scientific reasoning in its development. Similarly, Le (2024) highlighted that
students who make informed decisions tend to show more sophisticated critical thinking, and Verawati et al. (2024) identified the
capacity to discern valuable information as a hallmark of effective critical thinkers.

Altogether, these studies underscore that well-cultivated critical thinking, particularly in the evaluative domain, enhances logical
reasoning, evidence-based decision-making, and independent problem-solving. Consequently, such skills not only reinforce students’
scientific attitudes but also equip them to navigate complex academic tasks and real-world challenges with competence and
discernment.

Relationships between the Variables

Table 29 presents the Pearson correlation coefficients and corresponding p-values for the study variables. The results indicate that all
six correlations are statistically significant, providing strong evidence of meaningful associations and leading to the rejection of the
null hypotheses.

Primarily, the relationship between the inquiry-based learning environment and students’ scientific attitudes demonstrates a strong
positive correlation (r = 0.642, p = 0.000), which falls below the conventional significance threshold of 0.05. This finding corroborates
the study of Manishimwe et al. (2022), which reported that students who actively ask questions and articulate their thoughts exhibit
more positive scientific attitudes. Accordingly, engagement in inquiry-oriented tasks enhances students’ appreciation for and
disposition toward learning science.

Table 29. Relationships between the Variables

Variables Correlated R p-value Decision on Ho Decision on Relationship

Inquiry-based learning environment and scientific . Lo
attitudes of students .642 .000 Reject Significant
Metacognitive awareness and scientific attitudes of 707 000 Reject Significant
students

Critical thinking and scientific attitude of students 731 .000 Reject Significant
Inquiry-based learning environment and critical . L
thinking of students .655 .000 Reject Significant
Metacognitive awareness and critical thinking of 800 000 Reject Significant
students

Inquiry-based learning environment and metacognitive 799 000 Reject Significant

awareness of students

Furthermore, metacognitive awareness exhibits a very strong positive correlation with scientific attitudes, with an r value of 0.707 and
a p value of 0.000. This observation aligns with Abdelrahman (2020), who emphasized that students with higher metacognitive
awareness demonstrate greater academic motivation, achievement, and well-developed scientific attitudes. Therefore, students who are
more cognizant of their own cognitive processes tend to develop stronger scientific attitudes and display greater engagement in science
learning.

In a similar vein, critical thinking shows a very strong positive correlation with scientific attitudes, with an r value of 0.731 and a p
value of 0.000. This result is consistent with Pursitasari et al. (2023), who found that students with higher critical thinking skills engage
more effectively with scientific concepts and are more willing to apply scientific approaches in problem-solving. Hence, critical
thinking not only enhances students’ reasoning abilities but also reinforces their attitudes toward scientific practices and beliefs.

Moreover, the correlation between inquiry-based learning environments and critical thinking is strong, with an r value of 0.655 and a
p value of 0.000. Wale and Bishaw (2020) reported that students who actively participate in discussions and activities demonstrate
improved critical thinking, while Hogan (2024) highlighted that opportunities for students to express ideas and solve problems cultivate
confidence and higher-order thinking skills. Consequently, a learning environment that fosters inquiry enhances students’ critical
thinking through active engagement and problem-solving.
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Notably, the strongest correlation is observed between metacognitive awareness and critical thinking, with an r value of 0.800 and a p
value of 0.000. This finding is supported by Rivas et al. (2022), who emphasized the interdependence of these skills, and Leasa (2024),
who noted that students engaging in tasks requiring higher-order thinking develop greater awareness of their cognitive processes. Thus,
students who regulate and reflect on their learning are better able to engage in critical analysis and reasoning.

Finally, the relationship between inquiry-based learning environments and metacognitive awareness shows a robust positive correlation
(r=0.799, p = 0.000). This aligns with Pambudi et al. (2022), who found that students exposed to inquiry-based learning demonstrate
significantly enhanced metacognitive skills, and Wang et al. (2021), who indicated that such environments improve students’ ability
to plan, monitor, and evaluate their learning. Accordingly, an inquiry-oriented learning environment simultaneously fosters
metacognitive awareness and higher-order thinking skills.

Ultimately, Pearson's r correlation reveals that all six correlations are statistically significant at the 0.000 level, show positive
correlations, and demonstrate a strong to extreme degree of association. Thus, the results portray a strong interconnected relationship
among inquiry-based learning environment, metacognitive awareness, critical thinking and scientific attitudes. Each variable supports
and enhances the others, demonstrating a synergistic effect in the learning process.

Significant Predictors of Scientific Attitude of Students

Table 30 presents the results of the multiple linear regression analysis used to determine the significant predictors of students’ scientific
attitudes. The model includes inquiry-based learning environment, metacognitive awareness, and critical thinking as predictors.

Table 30. Test of Significant Predictors of Scientific Attitude of Students
Unstandar-dized

Model Coefficients Standardized Coefficients T Ppovalue Decisi_og (%1 Ho
B SE B “"
(Constant) 981 118 8.33 .000
Inquiry-based Learning 189 045 194 421 .000 Reject
Environment
Metacognitive Awareness 181 .055 191 3.29 .001 Reject
Critical Thinking 404 .041 451 9.76 .000 Reject

Model Summary: R=.768; R? = .590; F = 256.148; p=.000

With respect to individual predictors, an inquiry-based learning environment is a significant predictor of scientific attitudes, as indicated
by an unstandardized coefficient of 0.189. This implies that for every one-unit increase in inquiry-based learning environment, scientific
attitudes increase by 0.189 units, holding other variables constant. The standardized coefficient of 0.194 reflects a moderate positive
contribution to the model. Moreover, the predictor is statistically significant, with a t value of 4.21 and a p value of 0.000, leading to
the rejection of the null hypothesis.

Similarly, metacognitive awareness significantly predicts scientific attitudes. Its unstandardized coefficient of 0.181 indicates a positive
contribution, while the standardized coefficient of 0.191 shows a relative effect comparable to that of an inquiry-based learning
environment. Additionally, the predictor is statistically significant, with a t value of 3.29 and a p value of 0.001, leading to rejection of
the null hypothesis.

In comparison, critical thinking shows the most potent predictive effect among the three variables. The unstandardized coefficient of
0.404 indicates that a one-unit increase in critical thinking is associated with a 0.404-unit increase in scientific attitudes. Its standardized
coefficient of 0.451 is the highest, indicating the most significant influence on scientific attitudes. Consequently, the predictor is highly
statistically significant, with a t value 0of 9.76 and a p value of 0.000, thus rejecting the null hypothesis.

Taken together, the results indicate that all three predictors, namely, inquiry-based learning environment, metacognitive awareness,
and critical thinking, significantly contribute to explaining variations in students’ scientific attitudes, with critical thinking exerting the
most decisive influence.

The findings suggest that cognitive and instructional factors play a vital role in shaping students’ attitudes toward science. Further, the
results also highlighted that fostering critical thinking should be prioritized in curriculum and instruction. Also, designing inquiry-
based activities and promoting metacognitive strategies can holistically develop not just the scientific knowledge but also positive
dispositions toward learning science. On top of that, educators and curriculum planners should also consider these predictors as essential
for improving scientific engagement and literacy.

Model Fit Summary

This section presents the results of the path analysis, highlighting the hypothesized models and best-fit model, along with their
corresponding fit indices to assess model adequacy. Figure 1 illustrates the hypothesized model in which the inquiry-based learning
environment, metacognitive awareness, and critical thinking are posited to be associated with scientific attitudes. The model further
depicts the hypothesized effects of inquiry-based learning and metacognitive awareness on critical thinking. Additionally, it highlights
the reciprocal relationship between the inquiry-based learning environment and metacognitive awareness.
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Figure 1. Hypothesized Model 1

Based on the results, critical thinking exerts the most substantial influence on the endogenous variable, scientific attitudes, as indicated
by a path coefficient of 0.40. In contrast, both the inquiry-based learning environment and metacognitive awareness exhibit relatively
weak influences on scientific attitudes, with path coefficients of 0.19 and 0.18, respectively. Furthermore, metacognitive awareness
has a substantial effect on critical thinking, as reflected in a path coefficient of 0.81, whereas the influence of the inquiry-based learning
environment on critical thinking is minimal, with a path coefficient of 0.06. Additionally, the relationship between the inquiry-based
learning environment and metacognitive awareness appears weak with a path coefficient of .20.

Although some fit indices, such as the Normed Fit Index and the Comparative Fit Index, both equal to 1.000, suggest a good fit, the
model overall does not adequately represent the data. The Root Mean Square Error of Approximation is 0.698, which is well above the
recommended threshold of 0.08, and the PCLOSE value is 0.000, indicating poor approximation.

These results suggest that specific paths, particularly those between inquiry-based learning and critical thinking or between inquiry-
based learning and metacognitive awareness, contribute minimally to explaining students’ scientific attitudes. Therefore, additional
factors not included in the model may play a significant role in shaping students’ scientific attitudes, highlighting the need for further
investigation.

Figure 2 shows the relationship between inquiry-based learning environment, metacognitive awareness and critical thinking towards
scientific attitudes. Additionally, the diagram also shows the direct effect of metacognitive awareness towards inquiry-based learning
environment.
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Figure 2. Hypothesized Model 2

The results indicate that critical thinking has the most substantial influence on their scientific attitudes, with a path coefficient of 0.40.
In comparison, inquiry-based learning environment and metacognitive awareness show weaker influences on scientific attitudes, with
path coefficients of 0.19 and 0.18, respectively. Furthermore, metacognitive awareness strongly supports the development of critical
thinking, as reflected by a path coefficient of 0.81. At the same time, the inquiry-based learning environment has a minimal effect on
critical thinking, with a path coefficient of 0.05. Additionally, metacognitive awareness strongly influences an inquiry-based learning
environment, with a path coefficient of 0.78.

Despite the perfect NFI and CFI values of 1.000, the model exhibits poor fit, with an RMSEA of 0.698 and a PCLOSE of 0.000.
RMSEA values above 0.08 indicate substantial misfit, and a PCLOSE below 0.05 confirms that the model poorly approximates the
population covariance matrix. The absence of CMIN/DF, p-value, RFI, and TLI values limits a complete evaluation. However, the
elevated RMSEA and significant PCLOSE clearly demonstrate that the model does not adequately represent the observed data. This
shows that the current model may not fully capture the relationships among students’ inquiry-based learning environment,
metacognitive awareness, critical thinking, and scientific attitudes, suggesting a need to refine or include additional variables to explain
students’ learning experiences better.
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Figure 3 illustrates the relationships among the inquiry-based learning environment, critical thinking, and metacognitive awareness in
shaping students’ scientific attitudes. Furthermore, it highlights that the inquiry-based learning environment exhibits a reciprocal
relationship with critical thinking. Similarly, metacognitive awareness also maintains a reciprocal relationship with critical thinking,
indicating bidirectional influences between the two variables.
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Figure 3. Hypothesized Model 3

The results show that critical thinking had the most decisive influence on scientific attitudes, with a path coefficient of .40. On the other
hand, the Inquiry-Based learning environment and metacognitive awareness both demonstrate weak influence on scientific attitudes,
with path coefficients of .19 and .18, respectively. Meanwhile, the inquiry-based learning environment and critical thinking have the
weakest influence on each other, with a path analysis of .01. At the same time, metacognition also exhibits a weak reciprocal
relationship with critical thinking, with a path analysis of .21.

The results indicate that critical thinking exerts the most decisive influence on scientific attitudes, with a path coefficient of 0.40. In
contrast, the inquiry-based learning environment and metacognitive awareness demonstrate relatively weak influences on scientific
attitudes, with path coefficients of 0.19 and 0.18, respectively. Furthermore, the reciprocal influence between the inquiry-based learning
environment and critical thinking is minimal, with a path coefficient of 0.01. In contrast, metacognitive awareness shows a weak
reciprocal relationship with critical thinking, with a path coefficient of 0.21. Even with low NFI and CFI values of 0.654 and 0.653,
the model exhibits poor fit, as indicated by a high RMSEA of 1.007 and a PCLOSE of 0.000. RMSEA values above 0.08 indicate
substantial misfit, and a PCLOSE below 0.05 confirms that the model poorly approximates the population covariance matrix.
Furthermore, the high CMIN/DF of 546.446, a p-value of 0.000, and negative RFI and TLI values further highlight the model’s
inadequacy in representing the data.

These imply that the current model does not adequately capture the relationships among students’ inquiry-based learning environment,
metacognitive awareness, critical thinking, and scientific attitudes, underscoring the need to refine the model or include additional
variables to explain students’ learning experiences better.

Figure 4 illustrates the hypothesized relationships among critical thinking, metacognitive awareness, and scientific attitudes.
Additionally, it depicts the direct influence of the inquiry-based learning environment on metacognitive awareness. Moreover, critical
thinking directly influences both the inquiry-based learning environment and metacognitive awareness.
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Figure 4. Hypothesized Model 4

The results of the model indicate that critical thinking exerts the strongest influence on the inquiry-based learning environment, with a
path coefficient of 0.60. It also demonstrates a moderate influence on both metacognitive awareness and scientific attitudes, with path
coefficients of 0.46 and 0.41, respectively. In like manner, the inquiry-based learning environment exhibits a moderate influence on
metacognitive awareness, with a path coefficient of 0.49.
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The model is not a good fit for the data. Despite the NFI of 0.989 and CFI of 0.989 suggesting acceptable incremental fit, the absolute
fit indices indicate serious misfit. The CMIN/DF of 17.523 is far above the recommended threshold of 3, and the p-value of 0.000
indicates a significant discrepancy between the model and the observed data. Furthermore, the RMSEA of 0.175 exceeds the acceptable
limit of 0.08, and the PCLOSE of 0.001 confirms that the model poorly approximates the population covariance matrix.

Collectively, these values indicate substantial misfit even with some favorable incremental fit measures.These suggest that the current
model does not adequately represent the relationships among critical thinking, inquiry-based learning environment, metacognitive
awareness, and scientific attitudes, highlighting the need for model refinement or the consideration of additional pathways to better
explain students’ learning processes.

Figure 5 portrays the best-fit model. The model indicates that the exogenous variables, namely, inquiry-based learning environment,
metacognitive awareness, and critical thinking, affect scientific attitudes. It further shows that metacognitive awareness directly
influences both inquiry-based learning and critical thinking.

The results reveal that metacognitive awareness strongly affects both the inquiry-based learning environment and critical thinking, with
path coefficients of 0.80. Meanwhile, metacognitive awareness and the inquiry-based learning environment exhibit weak influence on
scientific attitudes, with path coefficients of 0.19. In contrast, critical thinking demonstrates a moderate influence on scientific attitudes,
with a path coefficient of 0.45.
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Figure 5. Best Fit Model

The model is considered the best-fit model because the overall fit indices indicate an excellent fit between the hypothesized model and
the observed data. The CMIN/DF is 1.062, well below the recommended threshold of 3, and the p-value of 0.303 is not significant,
indicating no substantial discrepancy between the model and the observed data. Incremental fit indices are very high: NFI =0.999, RFI
=0.996, TLI = 1.000, and CFI = 1.000, indicating that the model fits almost perfectly the null model. Furthermore, the RMSEA of
0.011 is far below the 0.08 threshold, and the PCLOSE of 0.566 confirms that the model closely approximates the population covariance
matrix.

Overall, this implies that the best-fit model reliably represents the relationships among inquiry-based learning environment,
metacognitive awareness, critical thinking, and scientific attitudes. Even though some individual paths show weak relationships, the
overall model structure fits the observed data very well, suggesting that the model adequately captures the underlying patterns and
interactions among the variables.

This indicates that the model is statistically sound and can be used to explain how these factors collectively influence scientific attitudes.
Further, this implies that fostering inquiry-based learning environments and enhancing metacognitive awareness and critical thinking
can positively shape their scientific attitudes, even if some influences are stronger than others, ultimately supporting more effective
science learning and engagement.

Standardized Direct, Indirect, and Total Effect Estimates on Scientific Attitudes

Table 31 presents the standardized direct, indirect, and total effect estimates of the independent variables on scientific attitudes. The
results indicate that the inquiry-based learning environment exerts a direct effect of 0.194 with a significant p-value of 0.004, which is
below the conventional threshold of 0.05. Notably, the inquiry-based learning environment shows no indirect effect on scientific
attitudes, suggesting that its influence occurs directly without the mediation of other variables. This highlights that inquiry-based
learning environments directly and positively shape students’ scientific attitudes.

Similarly, metacognitive awareness demonstrates both direct and indirect effects on scientific attitudes. The direct effect is 0.191
(p=0.011), while the indirect effect through critical thinking is 0.517 (p=0.003), yielding a statistically significant total effect of 0.708.
These findings underscore the pivotal role of critical thinking as a mediator, indicating that metacognitive awareness strengthens
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scientific attitudes both directly and indirectly by fostering critical reasoning skills.

Table 31. Standardized Direct, Indirect, and Total Effect Estimates on Scientific Attitudes

Independent Variables Direct Effect P Indirect Effect P Total Effect p

Inquiry-based Learning .194 .004 .000 - 194 .004
Metacognitive Awareness 191 011 S17 .003 708 .003

Critical Thinking Skills 452 .005 .000 - 452 .005

Additionally, critical thinking exhibits a strong direct effect of 0.452 with a significant p-value of 0.005, but no indirect effect. This
confirms that critical thinking independently and robustly contributes to the development of scientific attitudes without requiring
mediation.

These findings are consistent to the study of Haynes et al. (2023) emphasized that inquiry-based learning positively influences students’
scientific attitudes, particularly in shaping their engagement and enjoyment in science learning. Tarwiyani and Mahanal (2020) further
highlighted that inquiry-based environments significantly enhance students’ scientific attitudes. Thus, creating inquiry-focused learning
experiences is essential for fostering positive scientific dispositions.

In parallel, the results corroborate the findings of Akpur (2025), demonstrating that metacognitive awareness enhances scientific
attitudes through the development of critical thinking. Adiansyah et al. (2021) similarly reported that students who are more self-aware
in their learning exhibit stronger scientific attitudes, while Al-Balushi et al. (2022) emphasized that high self-regulation skill contribute
to improved academic performance and scientific attitudes. Therefore, metacognitive awareness significantly influences students’
scientific attitudes, especially when coupled with strong critical thinking abilities.

Furthermore, the findings align with Sekaringtyas et al. (2024), indicating that critical thinking directly promotes positive scientific
attitudes. Gangrade (2024) also noted that students with high curiosity and evidence-based reasoning, which are the core components
of critical thinking, demonstrate enhanced scientific dispositions. Collectively, these studies reinforce that critical thinking is a key
determinant of students’ scientific attitudes.

Overall, the results suggest that fostering inquiry-based learning environments, promoting metacognitive awareness, and developing
critical thinking skills are essential strategies for cultivating students’ scientific attitudes. Educators are encouraged to design learning
experiences that engage students in inquiry, facilitate reflection on cognitive processes, and nurture critical reasoning, thereby
supporting more effective, meaningful, and enduring science learning.

Conclusions

These conclusions were drawn based on the findings above. The students often exhibit scientific attitudes in their learning. This implies
that students generally demonstrate curiosity, receptiveness to evidence, and a willingness to engage in scientific inquiry, which are
essential dispositions for fostering more profound understanding and sustaining long-term interest in science. The students often engage
in an inquiry-based learning environment. This suggests that they actively participate in exploratory and problem-solving activities,
fostering critical thinking, independent learning, and a deeper understanding of scientific concepts. The students often demonstrate
metacognitive awareness. This indicates that they can plan, monitor, and evaluate their own learning processes, which is vital for
developing self-regulated learning and achieving sustained academic growth. The students often display critical thinking. This denotes
their ability to analyze information, evaluate evidence, and apply logical reasoning, which are essential competencies for effective
problem-solving and meaningful engagement in science learning.

Significant relationships were established among the variables examined in the study. Specifically, the inquiry-based learning
environment, metacognitive awareness, and critical thinking were each found to be significantly related to students’ scientific attitudes.
Likewise, significant relationships were observed among the inquiry-based learning environment and critical thinking, the inquiry-
based learning environment and metacognitive awareness, and metacognitive awareness. These findings imply that the development
of one construct positively influences the others, highlighting the interconnected nature of learning environments, cognitive processes,
and dispositions in shaping students’ scientific attitudes. The results further reveal that inquiry-based learning environment,
metacognitive awareness, and critical thinking are significant predictors of students’ scientific attitudes. This underscores the
importance of fostering active and inquiry-driven classrooms, enhancing students’ awareness of their own thinking processes, and
cultivating critical thinking skills. This finding implies that deliberately integrating these elements into science instruction can
effectively strengthen students’ scientific attitudes, thereby promoting deeper engagement and sustained interest in scientific learning.
The model presented in Figure 10 emerged as the best-fitting, satisfying all statistical criteria for an excellent fit. The model highlights
the pivotal role of metacognitive awareness, which strongly influences both inquiry-based learning and critical thinking, while critical
thinking, in turn, moderately shapes students’ scientific attitudes. Although inquiry-based learning and metacognitive awareness have
only weak direct effects on scientific attitudes, the model's overall structure shows that these variables are deeply interconnected. This
underscores the importance of fostering inquiry-based learning environments, enhancing metacognitive awareness, and cultivating
critical thinking as crucial pathways for strengthening students’ scientific attitudes and promoting meaningful science learning.
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